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I HYPOTHESES 
^4 scientific hypothesis is merely a scientific idea, preconceived or provisioned. A theory is 
merely d scientific idea controlled by experiment.v 
Claude Bernard 
This thesis centers on studies to test the following hypotheses :-
> 
(1) Laparoscopic repair of perforated peptic ulcer is better than conventional open 
repair. 
(2) Laparoscopic suture repair of perforated peptic ulcer can be improved by a different 
laparoscopic technique of repair. 
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I PRECIS TO THE THESIS 
“Nq one who cannot limit himself has ever been able to write." 
Nicolas Boileau - Oespreaux 
Edward Crisp, reporting on perforated peptic ulcer in 1842 stated. 
aThe symptorns are so typical, I hardly believe it possible that anyone can fail to 
make the correct diagnosis. Once the perforation has occurred, the case must be 
considered hopeless1 ”• 
Today, the diagnosis of perforated peptic ulcer can be presumed in patients with 
sudden onset of severe abdominal pain and demonstration of free gas under the diaphragm 
on an erect abdominal or chest radiograph (present in about 80 percent of patients with 
perforated peptic ulcer). Once the diagnosis is made the condition can be treated with 
reasonably good results. 
Epidemiological data that I have collected have shown an increasing incidence of 
peptic ulcer disease in Hong Kong from 1970, with a peak in 1986, followed by a gradual 
decline. The incidence of perforated peptic ulcer accounted for about 6 to 9% of the total 
hospital admission for peptic ulcer disease, with an average of about 7%. The estimated 
number of hospital admissions for perforated peptic ulcer in Hong Kong in 1993 is 810. 
The significance of perforated peptic ulcer is while it occurs in approximately 5 to 10% of 
patients with duodenal ulcers, it accounts for over 70% of death associated with peptic 
ulcer disease2. 
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Most— but not all, surgeons suggest operative treatment of patients with perforated 
peptic ulcer. Those who advocate initial conservative management (operate only after 
conservative treatment has failed) are in the minority. There is, however, remaining 
controversy as to whether the initial operation for perforated peptic ulcer should be a 
simple repair or a definitive ulcer treatment procedure. However, even the strongest 
proponents of definitive surgery, agree that simple repair should be done if the patient has 
an acute ulcer, is in a high risk group, and/or if the patient's peritoneum is heavily 
contaminated. 
The conventional operation for repair of a perforated peptic ulcer with open surgery 
consists of two parts : the repair (which usually consists of closing the hole by stitching part 
of the omental flap onto the perforation) and peritoneal toilet. The operation is well 
characterized by Mikulicz-Radecki1: 
“Every doctor faced with a perforated ulcer of the stomach or intestine must 
consider opening the abdomen sewing up the hole, and averting a possible or actual 
inflammation by careful cleansing of the abdominal cavity". 
Recent improvements in medical therapy of peptic ulcer to which I have 
contributed in clinical research on drug therapy, have definite impact on the surgical 
management of peptic ulcer disease. Not only can ulcers be healed, but continued to be 
healed with drugs. The eradication of Helicobacter pylori with drug treatment followed by 
a significant reduction of ulcer relapse3'4 has revived a lot of interest in using simple repair 
for perforated peptic ulcer in acute emergency. 
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This thesis aims to test the following hypotheses :-
(1) Laparoscopic repair of perforated peptic ulcer is better than conventional open 
repair; and 
(2) Laparoscopic repair of perforated peptic ulcer can be improved by a different 
laparoscopic technique of repair. 
To test the hypotheses, animal experiments and clinical studies were conducted:-
[A] Development of Laparoscopic Suture Technique 
(1) Laparoscopic suture technique was developed and perfected in man. After 
the experience in the first six patients the technique was reported in the 
British Journal of Surgery5. 
(2) Initial Results of Laparoscopic Suture Technique 
In this era, most surgery is attempted laparoscopically and repair of 
perforated peptic ulcer is no exception. Our initial results with laparoscopic 
omental patch repair using sutures were promising. After a review of 18 
laparoscopic repairs, we found that the median operation time was 95 
minutes. There were three conversions to open surgery (due to technical 
difficulties). One patient developed intraperitoneal abscess post-operatively. 
The median analgesic dose required was 3 and the median length of 
hospitalization was 5 days. Water soluble contrast meal, performed within 
48 hours of the repair, showed no leakage. All patients received histamine2 
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‘receptor antagonists; routine endoscopy at the end of 6 weeks revealed that 
all ulcers had healed. 
However, laparoscopic suture repair was time-consuming and technically 
demanding. It was difficult to popularize the operation for application in an 
emergency. Perforated peptic ulcers are usually managed by less-
experienced surgeons using less complicated procedures (such as open patch 
repair). In an attempt to simplify the technique o( laparoscopic repair 
animal studies were performed. 
[B] Development of Laparoscopic Sutureless Repair 
[1] Animal Studies 
(a) Pilot Study : A pilot study was conducted to produce a model in 
Sprague-Dawley rats with gastroduodenal perforation. A perforation 
created by a 6 mm skin biopsy punch in the distal antrum was found 
to be a suitable model for studies. 
(b) Mortality Study : One hundred Sprague-Dawley rats were put under 
pentobarbitone anaesthesia. A perforation was made in the distal 
antrum by a 6 mm skin biopsy punch. The rats were randomly 
assigned into one of 5 groups : no treatment (group 1); omental 
suture repair (group 2); 0.3 ml fibrin glue for sealing perforation 
(group 3); gelatin sponge plug in perforation plus fibrin glue (group 
4); and group 5 0.3 ml cyanoacrylate glue (Histoacryl). The rats 
were all killed on Day 5. Mortality rates for groups 1 and 5 were 
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16/20 and 8/20 respectively before day 5. No rats died in groups 2 
3 and 4. 
(c) Bursting Pressure Study : An experiment was carried out to test the 
bursting pressure of the repair site in the 5 studied groups on Day 5 
and Day 10 of the repair. Our results showed that rats in group 4 
(gelatin sponge plug plus fibrin glue) had the highest bursting 
pressure on day 5 and day 10 following the repair. This was 
significantly better than Group 3 (fibrin glue) and Group 2 
(conventional suturing). 
(d) Histological Study : An animal histological study was conducted to 
compare repair sites in Group 4 with that of Group 2. After repair, 
three rats in each group were killed on days 1 2 5 8 14 21. 
Utilizing a rating scale of -3 to +3 two independent pathologists 
rated each repair for the presence of a histological seal of perforation, 
reformation of serosal surface, inflammation of serosa, inflammation 
of ulcer base, and re-epithelidization of ulcer bed. Negative scores 
were assigned for adverse findings such as no microscopic seal and 
inflammation. Positive scores were assigned for signs of healing : 
fibroblast infiltration, collagen deposition, and re-epithelialization. 
Regardless of which pathologist's ratings were utilized, and using the 
mean score of the two pathologists, rats in Group 4 had significantly 
better histological ratings than Group 2, indicating that gelatin 
sponge plug plus fibrin glue repair was better than conventional 
suture repair. While this result is surprising, it can be explained by 
the fact that gelatin sponge plug and fibrin glue can provide a 
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microscopic and water-tight seal to the perforation immediately after 
repair. For conventional suture repair, the microscopic and water-
tight seal occurred later, only after fibrin deposition onto the wound 
as a natural process of healing has taken place. 
[2] Clinical Studies 
(a) Development of Laparoscopic Sutureless Technique 
With these experimental findings iri animals, we began laparoscopic 
sutureless repair in man using fibrin glue and gelatin sponge plug. 
The technique consists of using three laparoscopic ports : a 10/11 
mm subumbiHcal port for the telescope, a 10/11 mm port in the 
upper epigastrium , and a 5 mm port in mid-clavicular line in the 
upper abdomen. The latter two ports are for insertion of instruments 
using the two-hand technique to identify the perforation and to plug 
the perforation with a piece of gelatin sponge made into the shape of 
a cone. Thereafter, a twin channel catheter is introduced and 
prewarmed fibrin glue is injected through two separate syringes 
mounted on a device designed to hold the syringes. The final mixing 
of the two components of fibrin glue at the tip of the catheter causes 
fibrin formation on the gelatin sponge plug. The operation ends with 
adequate lavage of the peritoneal cavity, with removal of the lavage 
fluid by suction. The technique was reported in the British Journal of 
Surgery6. 
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(b) Initial Results of Laparoscopic Sutureless Repair 
A consecutive series of 19 patients with perforated peptic ulcer 
underwent laparoscopy. One patient required definitive surgery 
because of a large perforated duodenal ulcer. All others had their 
ulcers successfully sealed by gelatin sponge plug and fibrin glue. The 
efficacy of the repair was demonstrated by water soluble contrast 
meal within 48 hours of repair* There was one minor wound 
infection; in addition one post-operative mortality occurred in a very 
high risk patient. The average (median) time to complete the 
operation was 45 minutes, the median dose of analgesic required was 
1 and the median length of hospitalization was 5 days. All patients 
received histaminez receptor antagonist therapy and endoscopy at 6 
weeks demonstrated that all ulcers had healed. At the end of this 
study, we concluded that this new procedure is safe, quick and 
technically straight-forward, and it is well suited to the laparoscopic 
environment. 
(c) Testing of hypotheses 
(i) A Non-Randomized Study to Compare Open suture repair, 
Laparoscopic suture repair and Laparoscopic sutureless repair 
During the time when we were clinically evaluating the value 
of laparoscopic suture repair and developing the laparoscopic 
sutureless repair, we had no fixed policy as to the preferred 
operation of repair of perforated peptic ulcer for our patients. 
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The type of operation chosen depended on the availabilities of 
the laparoscopic facilities and surgical staff trained in the 
procedure. One hundred consecutive patients with repair of 
perforated duodenal and juxtapyloric ulcer were studied and 
their clinical data were prospectively evaluated. They were 
treated with one of the following three procedures : 
1 2 3 
Laparotomy + Laparoscopic Laparoscopic 
Suture Repair Suture Repair Sutureless Repair 
n 44 35 21 
analgesic dose range 0-27(4) 0-19(3) 0-9(1) 
(median) 
Operation time (min) 52.1 ± 19.1 97.5 ± 32.6 59.7 ± 16 
mean .s.d._ 
Hospital Stay (days) 2-23 (5) 3 - 20 (5) 3- 11 (5) 
range (median) 
Morbidity (n) 11 8 3 
Mortality (n) 2 0 1 
The demographic data were similar in the 3 groups. Patients 
with open suture repair (group 1) required significantly more 
analgesic doses than those with laparoscopic repair (groups 
2+3) (Mann-Whitney U test, p = 0.048). This difference is 
especially marked when group 1 is compared with group 3 (p 
=0.007), Significantly less operation time was required in 
open repair (group 1) than laparoscopic repair (groups 2+3) 
(Student's t test, p < 0.001). This is mainly because 
laparoscopic suture repair (group 2) took almost double the 
time to complete. There is no difference between group 1 and 
group 3 statistically. There is no significant difference 
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between the duration of hospital stay, operative mortality rates 
and morbidity rates between the three groups. 
At the end of the study, we concluded that less analgesic doses 
were required after laparoscopic repair of perforated peptic 
ulcer than after open suture repair. Laparoscopic sutureless 
repair had the additional advantage of being technically easier 
so that the operation took less time to complete. 
(ii) A Randomised Trial Comparing Laparoscopic and Open 
Repair Using Suture or Sutureless Techniques 
We aimed to study whether the theoretical advantages of 
laparoscopic repair could be reflected in a better clinical 
outcome by evaluating with a prospective randomized study. 
The study was designed to compare the value and safety of (1) 
laparoscopic versus open repair; and (2) suture and sutureless 
repair of perforated duodenal and juxtapyloric ulcers. 
One hundred and two patients were randomly allocated to 4 
groups of surgical treatment. Nine patients were excluded 
after randomization because of either wrong preoperative 
diagnoses or sealed off perforation at laparoscopy. The 
number of evaluable patients in each treatment group were 
(1) laparoscopic suture (n = 24); (2) laparoscopic sutureless 
(n = 24); (3) open suture (n = 21); and (4) open sutureless (n 
=24>. 
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The 4 groups of patients were comparable in demographic 
data. Laparoscopic repair of perforated peptic ulcer (groups 1 
+ 2) took significantly longer operation time than open repair 
(groups 3 + 4) (94.3 40.3 vs 53.7 42.6 min, Student's t 
test, p < 0.001) but the amount of analgesic required in 
laparoscopic repair was significantly less than in open surgery 
(median dose of 1 vs 3, Mann-Whitney U test, p = 0.03). 
There was no significant difference in the 4 groups of patients 
in terms of duration of nasogastric aspiration, duration of 
intravenous drip, total hospital stay, time to resume normal 
diet, morbidity, reoperation and mortality rates, and visual 
analogue scale score for pain in the initial 24 h after surgery. 
In conclusion’ laparoscopic repair of perforated peptic ulcer is 
a viable option in the treatment of duodenal and juxtapyloric 
ulcers. It has the advantages of the minimally invasive 
surgery with small wounds less trauma and good cosmesis. 
There is also a suggestion that it causes less post-operative 
pain, but this is done at the expense of a longer operation time 
(thus at a higher cost) when compared with open surgery. 
Laparoscopic sutureless repair has the advantage over 
laparoscopic suture repair in being technically much less 
demanding. The technique can be learned easily by those who 
have some experience with laparoscopic surgery. 
:-.0'.-' ' :. 'v ... ‘ . “ '— 
18 
Laparoscopic repair of perforated peptic ulcer can become 
popular only if it is a simple operation. 
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perforation in rat experiments. Part of the animal experiments on bursting pressure 
and histological study was carried out by Mr. Jonathan Dawson under my 
supervision. 
(4) Developing the laparoscopic sutureless repair and monitoring its initial results in 
man. 
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(5) The overall design, monitoring, evaluation and analysis of the non-randomised 
clinical study comparing open suture repair, laparoscopic suture repair and 
laparoscopic sutureless repair. 
(9) The overall design, monitoring, evaluation and analysis of the randomised clinical 
study comparing laparoscopic and open repair of perforated peptic ulcer using 
suture or sutureless technique. 
it 
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PART I HISTORICAL REVIEW 
“To understand a science it is necessary to know its history. ” 
Auguste Comte 
“The first step to knowledge is to know what we are ignorant ” 
Lord David Cecil 
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I PART I HISTORICAL REVIEW 
u
 Without the past the pursued future has no meaning 
Loren Eiseley 
CHAPTER 1 HISTORY OF ENDOSCOPIC AND LAPAROSCOPIC SURGERY 
“History is, to begin with at any rate, an absurd happening into which more or less gifted 
people introduce some perspective. 
Gunter Grass 
1 • 1 History of Endoscopic Surgery 
For centuries physicians have been attempting to investigate human body cavities 
and their contents in order to advance their knowledge of disease. Our ability to examine 
progressively less visible areas of the body lias grown tremendously over the past two 
decades. During the past few years the evolution of diagnostic and therapeutic endoscopy 
has been meteoric. For the sake of easy discussion, the development of endoscopic surgery 
can be divided into three major eras. 
(1) Era of natural light source (From Hippocrates to 1805) 
The use of tubes in medicine dates from the earliest days of civilization. 
Clysters for enemas were known to the ancient Egyptians, Greeks and Romans. 
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Later, tu]bes were used to introduce nutrients into very ill patients. It was only 
natural, therefore, that physicians would investigate the use of tubular devices for 
diagnostic purposes1. The earliest descriptions of endoscopic examinations were 
from Kos school led by Hippocrates (460 - 375 B.C.) who described a rectal 
speculum which was remarkably similar to the instruments used today1 2. Similar 
speculae were discovered in the ruins of Pompei which were used for the study of 
the vagina and inspection of the cervix, for examination of the rectum and for an 
inside view of the nose and ear2’3. The Babylonian Talmud written in 500 A.D. 
described a siphppherot, a tube made of lead, which acted as a vaginal speculum2. 
In these early years, ambient light was used. Abulkaism of Cordoba (980 - 1037) 
and, later on, Giulio Cesare Aranzi (1530 - 1589) attempted to illuminate deeper 
body cavities "through the reflection of natural light or by use of the camera 
obscura3". 
(2) Era of reflected or distal artificial light source (1805 - 1957) 
(a) Phase 1 - Open tube system (1805 - 1879) 
Phillipe Bozzini, an obstetrician who practised in Frankfurt am Main 
developed an instrument for seeing into the bladder and rectum with 
candlelight reflected by mirrors in 18054. This "light conductor" by Bozzini 
projected light from a wax candle into the cavity to be investigated with the 
aid of a concave mirror1"5. It was demonstrated to the Alert Faculty in 
Vienna, yet they rejected it as a "magic lantern and it was apparently never 
put into practice1. Incidentally, Bozzini was censured for "undue curiosity" 
by the Medical Faculty of Vienna2. Antonin J. Desormeaux, used as a light 
source a kerosene lamp burning alcohol and turpentine with a chimney to 
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enhance the flame and a lens to condense the beam to a narrower area to 
achieve a brighter spot6. Although the endoscope used by Desormeaux 
reached the stomach, the light source was insufficient1. However it was used 
to view the urinary bladder, cervix and uterus. In 1865 Desormeaux 
presented the first satisfactory description of a cystoscope to the Academy of 
Medicine in Paris2. Bevan, using a oesophagoscope, extracted foreign bodies 
from the oesophagus in 18687. Pantaleoni in 1869 adapted the telescope for 
hysteroscopy and was able to identify an intrauterine polyp in a 60-year-old 
woman with postmenopausal bleeding and cauterized it with silver nitrate8. 
Interestingly, he had treated the same woman 3 years earlier for a nasal 
polyp which she had had for 30 years. The technique did not gain the 
acceptance he had hoped for because most of his students left claiming that 
they had not been able to see anything at all with the hysteroscope2. In 
1870, Kussmaul demonstrated the possibility of inspecting the stomach using 
a rigid tube, using a professional sword swallower as his subject9. Stein in 
1874 developed a photoendoscope by modifying existing camera to record 
images of bladder pathology10'11. 
The first internal light source was invented by Bruck a dentist from 
Breslau who in 1867 examined the mouth of a patient using an overheated 
electrically-plated platinum wire as the light source. As there was the risk of 




(b) Phase 2 - Rigid Telescopic Instruments (1879 - 1936) 
The open tube system underwent revolutionary changes with the 
introduction of a telescope. In 1879 Max Nitze, a urologist from Berlin, 
I produced the first usable cystoscope with lenses and electric lighting12. He 
was helped by a German optician, Beneche, and a Viennese electro-optician, 
Joseph Leiter1 (another source said Nitze produced the telescope in 
association with Reinicke, a Berlin optician2). Nitze borrowed the idea of 
Bruck of using an overheated glowing platinum wire to illuminate the first 
cystoscope (7 mm); it had a prism on the distal end9 and the system was 
cooled by a separate water circulation4. Later the electric incandescent light 
bulb which had been invented by Edison in 1880, was added at the distal end 
of the cystoscope by Newman in 188310. When a separate operating 
channel was incorporated into the telescope, the potential for modern 
endoscopy and endoscopic surgery was realized and the complexity of the 
viewing endoscope gradually increased2. Boisseau du Rocher in 1889 
introduced separation of ocular part from the introducing sheath and use of 
different telescopes through the sheath10. 
Johann von Mikulicz from Vienna used a system similar to the first 
cystoscope by Nitze when he introduced the gastroscope. He used 
overheated platinum wire to create light and a separate water circulation for 
cooling9. After the discovery of Edison's filament globe, Mikulicz was the 
first to use a miniature electric globe in 1881 for his gastroscope4. Although 
Mikulicz employed general anaesthesia for his patients, others used topical 
cocaine or morphine anaesthesia, as did Killian when he developed and 
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sutxessfully used the first bronchoscope in 1898. His light source was 
augmented with a head mirror9. 
After the introduction of the telescopic instruments, details and 
refinements were made rapidly by the pioneers of gastroscopy, cystoscopy 
and by the instrument makers of that time. 
(c) Phase 3- Semi-flexible Instruments (1936 1957) • ' N 4 
Adequate examination of the internal organs was still hindered by the 
difficulties of negotiating anatomical curves. To overcome this problem, 
semi-flexible instruments were designed. Johann Von Mickulicz-Reddecki in 
1881 developed an instrument which could be angled by 30° near its lower 
third1. The first semi-flexible gastroscope was designed by Wolf and 
Schindler in 1936 in Berlin9’13 14. This 12-mm diameter, 77-cm long 
telescope contained 48 lenses8. In 1952, Rudolph Schindler introduced 
another new semi-flexible gastroscope based upon the optical principle 
proposed by Lang in 1917 (who had discovered that clear images could be 
transmitted by a series of convex lenses around a gentle curve provided the 
curvature was not too great) The need for progressively more flexibility 
with better visibility prompted more research into the production of flexible 
endoscopes. 
(d) Phase 4 - Flexible instruments (1957 - present) 
In 1898, Lange and Meltzing developed the first flexible 
gastrocamera and published the results of using it on 15 patients15. 
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Exposure time was 0.5 to 1 second. A small film roll was placed at the distal 
end of the instrument and was pulled after each exposure. The image was 4 
mm in diameter, and the rigid head was only 66 mm long. The mechanism 
was divided into three compartments : the film magazine, the camera head, 
and the electric globe. Fifty exposures were made per examination. The rest 
of the camera consisted of a rubber tube with electric wires, air insufflation, 
and the pulling mechanism of the film transport. This instrument, in effect is 
a gastrocamera, but not a gastroscope. Sixty two years later, the modern 
version of the gastrocamera was developed4. A flexible fiberglass 
gastroscope was developed by Basil Hirschowitz and Lawrence Curtis of the 
University of Michigan School of Medicine16. The first instrument provided 
a lateral view and used a distal light bulb as their light source. Subsequent 
modifications have provided the practitioner with a straight forward (0°) 
view, while the lateral viewing device is now reserved for special 
examinations1. This major advance of flexible fiberoptic instrument initiated 
the modern era of endoscopy. 
(3) Era of External Artificial Light Source (1952 - present) 
Before the 1950s, endoscopic illumination was provided by a small tungsten 
filament lamp positioned at the tip of the viewing instrument. This arrangement 
was usually less than satisfactory, furnishing poor illumination and significant 
colour distortion. These light sources suffered from excess heat production, causing 
tissue damage17. Changes in light source from the distal electric bulb to the external 
light unit and sophisticated light-conducting fiberglass bundles eliminated these 
problems1. 
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The first attempt of an external light source was made in 1952 by placing 
the tungsten lamp in a steel housing at the proximal end of the telescope, with light 
transmitted directly down the quartz rod17. 
Heinrich Lamm demonstrated in 1930 that fine threads of glass fibers could 
be bundled together to act as a conduit for a light source, and that the bundle could 
be flexed or bent without losing its transmission capabilities18. No-one knows why 
the idea langiished for nearly 25 years, but it was in 1954 that the most significant 
advance was made by Harold H. Hopkins and N.S. Kapany, who pointed out the 
potential application for endoscopy1. There are two types of fiber bundles. 
"Incoherent" bundles are produced packing multiple fibers together in a random 
arrangement that transmit high density illumination throughout the length of the 
cable. These systems are usually used to transmit light from an external source to 
the endoscope. "Coherent" bundles have identical fiber arrangements at both ends 
of the cable and a "true image" can be transmitted. Making use of these principles, 
three years later, and as mentioned previously, Hirschowitz and his group created 
the first prototype of fiberoptic instrument, a genuine breakthrough in endoscopy. 
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1.2 History of Documentation in Endoscopic and Laparoscopic Surgery 
The need for a permanent record was recognised since the invention of the 
endoscope and the introduction of visual examination. By 1874 Stein had modified existing 
cameras to record images of bladder pathology11. Nitze developed the first photocystoscope 
in 189319 and published the first altas of pathology a few years later4. In 1938, Henning 
and Keilhack produced the first colour pictures from the stomach using a semi-rigid 
Schindler-type gastroscope with an overheated filament20. The first iise of studio television 
cameras with endoscopes was reported by Soulas from France in the field of bronchology in 
195621. Filming laparoscopy was first performed by Segal in France 19594. A projector 
globe was attached outside the endoscope and the beam was reflected through a condenser 
lens into the abdominal cavity by a quartz rod. With this excellent illumination, movie 
records could be obtained. Berci and his colleagues produced the first black and white 
miniature television camera for endoscopy in 1962 and at a later stage, substituted larger, 
colour devices and miniature chip cameras22,23. The first videotapes were made in the field 
of laparoscopic gynaecology24. 
It is difficult to review the development of photodocumentation without mentioning 
Wittmoser. In 1952 Wittmoser took the first colour slides through a laparoscope. He 
developed the TTL (through the lens measurement of light) in 1965, introduced a rigid 
teaching attachment arm in 1968 shot a 16-mm endoscopic movie in 1968 and recorded a 
vi^ leo documentation in 196925. 
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l.S History of Laparoscopic Surgery 
The development of “closed-cavity” endoscopy, of which laparoscopy is one, 
followed the establishment of open-cavily endoscopic procedures such as oesophagoscopy, 
proctoscopy and laryngoscopy1. The first laparoscopy was carried out using a cystoscope (a 
rigid telescopic endoscope) with distal light illumination26. As laparoscopy requires only 
rigid instruments, the development of laparoscopic surgery can be described in the three 
main eras of diagnostic laparoscopy, therapeutic laparoscopy and the modern era in using 
computer chips and television monitors. 
(1) Era of Diagnostic Laparoscopy (1901 - 1933) 
In 1901 Dr. Georg Kelling, Professor in Dresden, described to the German 
Biological and Medical Society in Hamburg the examination of the stomach and 
oesophagus in man and outlined the technique of visualization of the peritoneal 
cavity and its contents in a dog by the insertion of a cystoscope designed by Nitze 
and Leiter through a trocar developed by Fielder4 subsequent to the creation of a 
pneumoperitoneum with filtered air1"3. Kelling used the term “celioscopy" to 
describe the technique25 and the report was published in 190227. At the same time, 
Jakobaeus, a Swedish surgeon, published reports on the technique of laparoscopy 
also in 1901. Jakobaeus based his report on his experience in man and he inserted 
the cystoscope directly into the peritoneal cavity without prior induction of a 
pneumoperitoneum25. Thus, the modern technique of laparoscopy is essentially that 
outlined by Kelling. It is difficult to determine which of these two professional rivals 
had the original idea, but the most likely scenario is that the development occurred 
independently in Sweden and Germany at about the same time. Interestingly in the 
same year of 1901, von Ott from St. Petersburg described the inspection of the 
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peritoneal cavity of a pregnant woman through a culdoscopic opening using a head 
mirror to reflect light28. This technique of inspection, however, is not the same 
laparoscopic examination as we now understand in modern terms. Von Ott carried 
out his first endoscopic inspection of the abdominal cavity by way of a 
minilaparotomy in 190929. It was Jakobaeus who first referred to the word 
"Laparoscopy" when he published his description of the inspection of the human 
peritoneal, thoracic and pericardial cavities in 191030. One year later he had 
performed 115 cases, with one serious complication of bleeding requiring 
exploration31. His monograph on "laparoscopy" aroused considerable interest3. 
Only one month later Kelling reported 45 laparoscopics and described the 
appearance of the liver, tumours and tuberculosis2. One year later, reports were 
published from many parts of the world, providing evidence of the widespread use 
of the method3. Reports came from Denmark, Finland, France, Italy, Hungary and 
other locations throughout Europe as well as from Brazil4. In 1911, the first 
American description of laparoscopy was by Bernkeim of Johns Hopkins Hospital 
who took a 12 mm diameter proctoscope and introduced it through a small incision 
into the epigastrium. With the help of an ENT mirror, he examined parts of the 
anterior surface of the stomach, liver and diaphragm32. 
Further developments in the early years of laparoscopy include the adoption 
of the Trendelenburg position by Nordentoft in Copenhagen in 191233. Korbsch 
extended the indications for its use to include many intra-abdominal disorders in 
192134. In 1923, Kelling further reported his laparoscopic experience in man35. 
Steiner36 and Zollikofer in Switzerland37 soon claimed success with laparoscopy in 
1924. 
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Several refinements of the laparoscopic instrument and its technique of 
application further enhance the acceptance of the laparoscope as a diagnostic 
procedure. Additional developments centered on improvement of the 
instrumentation, such as the design of the trocar endoscope by Nordentoft in 
191238, the first needle for the introduction of a pneumoperitoneum by Korbsch in 
192134 the invention of the insufflator by Goetze in 192139, and the widening of 
the viewing angle through the laparoscope by Unverricht in 192340. Orndoff from 
the United States developed a sharp pyramidal point on the laparoscopic trocar to 
facilitate puncture in 192041. These advances paved the way for even wider use of 
•5• 
the method. An automatic trocar sheath valve was then introduced to prevent 
escape of air10. Although the first pneumoperitoneum was created using air, 
Zollikoffer went on to use carbon dioxide in 192437. Kalk from Germany pioneered 
the use of laparoscopy for the investigation of patients with disorders of the liver 
and biliary tract. He introduced the oblique-viewing optic where the central visual 
axis of the optic is angled about 45° - 50 from the longitudinal axis. This 
permitted a better inspection of organs as the image could be changed by altering 
the viewing direction of the optic such that the lens moves around the object. Kalk 
was an innovator, also developing other purpose-designed laparoscopic instruments 
and he designed biopsy instruments4. In 1929, he was the first to advocate the 
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dual-puncture technique42. The use of a second puncture opened the way for the 
development of operative laparoscopy Kalk accumulated experience with over 
2,000 patients with impressive results and published a monograph on laparoscopy 
in 195143. Based on his considerable personal experience Kalk succeeded in 
establishing a standardization of diagnostic laparoscopy in internal medicine3. The 
next significant development in the evolution of laparoscopy was by a Hungarian, 
Veress in 1938. He described a spring-loaded needle with an inner stylet which 
automatically converted the sharp cutting edge to a rounded end incorporating a 
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side hole. Veress designed his needle for the creation of a safe pneumothorax44. His 
device, with some minor modification, is the standard method used nowadays for 
the creation of a pneumoperitoneum25. In 1946. Decker introduced an alternative 
method of placing the laparoscope into the abdominal cavity in an attempt to 
minimize the complications of bowel and vascular injuries during the introduction 
of the endoscope through the abdominal wall. He inserted the scope into the pelvis 
through the cul-de-sac and named the procedure culdoscopy. For this procedure, 
the patient was placed in a knee-chest position and given local anaesthetics only45. 
(2) Era of Operative Laparoscopy (1933 - 1987) 
Operative laparoscopy, although started off early in 1933, took off gradually 
after the crucial inventions were made in light conduction and telescopic lens 
system. 
The first descriptions of operations performed under laparoscopic vision 
came from Fervers in 19333. He performed laparoscopic adhesiolysis with biopsy 
instruments and cauterization of intra-abdominal adhesions10. He used oxygen as 
the distending medium and experienced "great concern at the audible explosion 
and flashes of light produced by the combination of oxygen and a high frequency 
electric current within the abdominal cavity46. He recommended changing to ^ 
carbon dioxide as the insufflating gas for the creation of pneumoperitoneum for 
operative laparoscopy2. Almost at the same time, John Ruddock described a single 
puncture laparoscopic optical system with biopsy forceps and monopolar 
electrocoagulation in 193447. Laparoscopic tubal sterilization using monopolar 
electrocoagulation of the Fallopian tubes was first performed in 1936 by Bosch in 
Germany, who employed a low-output generator (100 W)48. He also used a 40° to 
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50° pelvic elevation during the procedure10 25. At around the same time Anderson 
of the United States performed endothermal coagulation of Fallopian tubes as a 
method of sterilization10'49. The first reported use of the laparoscope for the 
diagnosis of ectopic pregnancy was by Hope in 193750. This opened the way for 
emergency operative laparoscopic procedure. Powers and Barnes from the United 
States used the Bovie high output generator capable of delivering a maximal power 
of 350 W to achieve monopolar electrocautery of the Fallopian tubes in 194151. A 
laparoscopic uterine suspension was performed in 1942 by Donaldson and 
colleagues in United States52. Techniques were developed in parallel in several 
countries at that time but, because of political constraints, language difficulties and 
the problems in communication produced by distance, it is sometimes difficult to be 
certain of the exact sequence of events2. Although laparoscopy continued to have 
individual advocates like Lindenschmidt in the 1960s53, it soon fell into oblivion in 
general surgery3. In the United States, laparoscopy was virtually abandoned from 
the early 1940s until the late 1960s while culdoscopy as pioneered and popularized 
by Decker was performed in most centers2. In Europe, laparoscopy continued to be 
practised under the influence of Raoul Palmer (1948) in Paris and later Hans 
Frangenheim in Konstanz2 25. Palmer popularized the use of monopolar electricity 
to carry out tubal sterilization in 196210 which was highly effective but resulted in a 
number of complications from burns to adjacent organs54. Frangenheim also used 
diathermy for tubal sterilization in 196355. The technique was first described irMhe 
English language by Steptoe in 196756. The use of this monopolar electrocautery led 
to extensive morbidity and death and was abandoned in favour of bipolar 
electrocautery and mechanical means of achieving tubal ligation in later years25. 
One of the most crucial inventions in operative laparoscopy was made by the 
British physicist Hopkins in 1952 who developed the idea of the rod-lens 
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system10'57. Prior to this development, endoscopes were constructed on an optical 
system which comprised relay and field lenses made from glass with long 
intervening air spaces. In the Hopkins system, the roles of glass and air are 
interchanged such that the optical system consists of air lenses and long glass spaces. 
As the refractive index is now predominantly that of glass, the light-transmitting 
capacity of the endoscope is doubled. A second advantage of the Hopkins rod-lens 
system relates to the "radius of clear aperture" available to the viewing optic. In the 
previous generation Nitze-type endoscopes, a series of very small lenses had to be 
assembled and mounted in a precise order inside the endoscopic tube. The position 
of the lenses had to be maintained by "spacer inner tubes" which had to be rifled in 
the long air spaces of the endoscope to minimize light reflection on their inner 
surface as this would lead to impairment of the contrast of the final image. This 
assembly resulted in a significant reduction of the clear aperture radius available to 
the viewing optic. By contrast, in the construction of the Hopkins rod-lens 
telescope, the mounting of the precision - ground glass rods, which are ten times 
longer than their diameter is a simple matter and only requires very short and thin 
spacer tubes. This results in a significantly larger clear aperture. Furthermore, 
specular reflection of light is avoided since the outer surface of each rod-lens is 
finely ground. The Hopkins rod -lens system remains the basis of the modern rigid 
endoscope used in laparoscopic surgery. It has two problems which require further 
development. The first consists of light loss due to fiber mismatch at the intei^ ace 
between the fiberoptic light cable and the light bundles of the telescope. Different 
manufacturers have dealt with this problem in various ways : some have increased 
the size of the light bundle of the telescope or have constructed telescopes with an 
integral light bundle whereas others have attached a "condensation lens at the 
interface to focus the light onto the light bundle of the telescope. The second 
problem with the Hopkins system relates to the peripheral "barrel" distortion which 
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is best appreciated by viewing a grid. This problem has been overcome by one of 
the commercial companies (Olympus) by alteration of the internal optics of the 
telescope to incorporate "distortion - compensating" lenses25. 
The introduction of the fiberoptic light source in the 1960s and the 
development of the rod-lens system revolutionised laparoscopic surgery. 
The demand for more complicated laparoscopic surgery increases with 
improvement in laparoscopic view. Bipolar endoscopic electrocautery was first 
Introduced by Wittmoser for thoracoscopic procedures in 196658. Bipolar 
electrocautery for laparoscopic tubal coagulation was first used by. Fikentscher and 
Semm in 1971, by Corson et al in 1973 and by Rioux and Cloutier in 197425. 
Frangenheim in 1972 used bipolar electrocoagulation both for sterilization and for 
control of bleeding59. The availability of intraabdominal electrocoagulation was a 
major impetus to the development of operative laparoscopy because more 
complicated surgery could not be possible without the ability to achieve 
haemostasis. 
Kurt Semm in Kiel played a vital role in the development of operative 
laparoscopy. The Kiel School under his able leadership developed the basic 
laparoscopic instrumentation. To disassociate his procedure from earlier attempts at 
laparoscopy, which had been fraught with complications, he coined the term 
"operative pelviscopy". His pioneering work resulted in a series of technologic 
advances which led to complicated laparoscopic procedures60. Although Palmer in 
1944 stressed the importance of monitoring intraabdominal pressure, it was Semm 
who developed an automatic insufflating device that monitored abdominal pressure 
and gas flow in 196361. Prior to this time air was introduced by most workers into 
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the peritoneal cavity by means of a syringe^ .^ To avoid injuries caused by 
monopolar cautery, Semm created an innovative heat transfer system, 
thermocoagulation, for sterilization procedures. Semm found that he could better 
visualize the pelvic structures using a laparoscope with an angled lens. To provide 
accurate and easy transection of tissues, he invented the hook scissors, which 
minimized the problems of using these scissors without the advantages of depth 
perception. In 1969, he designed a “uterus vacuum mobilizer" for improved 
manipulation and laparoscopic visualization of reproductive organs. He designed 
the morcellator to remove safely large pieces of benign and even neoplastic tissue. 
His surgical department was also responsible for perfecting the Endoloop applicator 
a device designed to prevent loss of intraperitoneal insufflated C02 when inserting 
sutures into the peritoneal cavity. Semm designed pretied suture loop (Roeder loop) 
to allow adequate haemostasis and he also perfected intra- and extra corporeal 
knot-tying techniques and the instruments required to perform these 
manoeuvres62 63 He developed a high-volume irrigation/aspiration apparatus with 
design modifications to prevent tube clogging to help to evacuate clots and to obtain 
a clear operative field. Many other instruments such as needle holders, cone-
shaped trocars, microscissors, clip appliers and atraumatic forceps were 
conceptualized, created and first utilized at the University of Kiel24. In conjunction 
with these technical advances, Semm devised a number of laparoscopic surgical 
procedures to replace conventional open operations, such as direct microsurgical 
suturing that allowed laparoscopic management of ectopic pregnancies, often with 
preservation of the affected tube, tubal sterilization by endocoagulation, 
salpingostomy, oophorectomy, salpingolysis, tumour reduction therapy, and 
frimbiolysis. Other laparoscopic procedures he popularized included lysis of 
omental adhesions, bowel suturing64, endometrial implant coagulation, tumour 
biopsy and staging, repair of uterine perforations and incidental appendicectomy. 
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Semm also facilitated laparoscopic training by creating the Pelvitrainer designed to 
teach surgeons the hand-eye co-ordination and suture-tying techniques required 
for operative laparoscopy65. He performed the first laparoscopic appendicectomy in 
198262. 
In the 1970s laparoscopy was increasingly used for intraabdominal surgery. 
Steptoe and Edwards recovered the first oocyte for in vitro fertilization using the 
laparoscope66. Until the introduction of transvaginal ultrasound for oocyte retrieval 
in the late 1980s, laparoscopy formed an integral part of the in vitro fertilization 
procedure10. Thermal tubal sterilization was largely replaced in the middle 1970s 
by mechanical methods using spring loaded clips by Hulka and colleagues in 197267 
and sialastic rings by Yoon and King of the United States in 197568. Because of the 
1% complication rate associated with percutaneous or blind needle entry into the 
peritoneal cavity for pneumoperitoneum, Hasson proposed an alternative method in 
1978 called open laparoscopy, also referred to as the Hasson technique69. The 
Hasson technique and the cannulae used far this procedure have proved popular 
with many surgeons26. 
The main development in instrumentation since bipolar electrocoagulation 
and endocoagulation has been the introduction of a variety of forms of laser and 
their application to laparoscopic surgery2. Carbon dioxide laser, whicl^  is 
transmitted along a solid lens system was the first to be used extensively and was 
introduced to Europe by Maurice Bruhat of Clermont Ferrand70 and to the United 
States by James Daniell of Nashville71. Since then lasers transmitted along flexible 
fiberoptic cables have increased in popularity include Nd:YAG, KTP and Argon 
lasers2. Laser light has been used for coagulation and enucleation of endometrial 
implants72, treatment of ectopic pregnancy with preservation of the affected 
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adnexa73, adhesiolysis74 incision of hydrosalpinx, incision and aspiration of 
multiple cysts of the ovary (Stein - Leventhal syndrome), and vaporization of 
wterosacral ligaments for dysmenorrhoea75. The theoretical benefits of laser 
treatment are improved haemostasis, greater precision during tissue dissection and 
decreased complications from inadvertant burns distant from the operative field. 
Data to support the superiority of this modality over that of laparoscopic 
electrocoagulation, however, has not been forthcoming26. With modern technology 
available, oophorectomy and hysterectomy for benign disease76,77 and resection of 
full thickness bowel wall endometrial implants and conservative endoscopic 
management of pelvic inflammatory disease have been reported78. 
General surgeons were slow to take up operative laparoscopy. The first 
procedures were liver biopsies guided under direct vision in the late 1970s. 
Diagnostic laparoscopy was increasing used in the 1980s for the acute abdomen1. 
Laparoscopy became an established technique for the study of disorders of the liver 
and biliary tract as a result of the contributions by Kalk, Wannagat, Beck and 
Henning in Germany; Berci, Gaisford and Boyce in the United States; and Cuschieri 
in the United Kingdom25. In this respect, the benefits of laparoscopy, e.g. the ability 
to visualize the liver obtain cholangiograms and perform with safety a target liver 
biopsy of focal lesion were stressed by these workers, but the technique failed to 
gain wide acceptance amongst gastroenterologists and surgeons. No Qne has 
contributed more widely to the development and use of laparoscopy in general 
surgery than Berci in los Angeles; both in design of instrumentation and in 
identifying clinical situations in surgical practice where laparoscopy would 
materially benefit the management of the patient. He pioneered the use of 
laparoscopy in the management of diagnostic dilemmas, especially in the emergency 
situation, and was instrumental in the development of laparoscopy for trauma22"26. 
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Staging laparoscopy in oncological disorders was first practised by Pergola et 
al” Etienne et aL and Delavierre et al. in France; Canossi et al. and Spinelli et al. in 
Italy; Sotnikovet et al., Berezov et al. and Nikora in USSR; Cuschieri et al. and Gross 
et al. in United Kingdom; Devita, Gaisford, Sugarbaker and Lightdale in United 
States25. Warshaw Tepper and Shipley used laparoscopy in 1986 for staging of 
pancreatic carcinoma and demonstrated an overall accuracy rate of 93%79. 
Laparoscopic cholecystectomy and gallstone removal was first performed in 
pigs by Frimberger et al. in Germany in 197980. Experimental laparoscopic biliary 
surgery was also started in Dundee by Cuschieri and El Ghany in 198525. The work 
involved laparoscopic ligation of the cystic duct, cholecystostomy and dissection of 
the gallbladder. This led to cholecystectomy in the pig by Filipi, Mall and Roosma in 
198526
 and by Nathanson and Cuschieri in 198725 and Ko et al. in 198825. Muhe a 
I: 
surgeon from Boblingen, using a modified rectoscope with an optic and C02 
insufflatioB performed the first cholecystectomy in man with an insufflating single 
puncture approach in 19855 25 and the procedure was reported in Germany in 
198681. 
The stage was set for the explosion in laparoscopic surgery in the modern era 
of laparosocpy. % 
(3) Modern Era of Laparoscopy (1987 to present) 
Laparoscopic s^ualization of the abdomen cavity was once restricted to the 
individual directing the operative procedure, and participation by other members of 
the surgical team was thus limited. Therefore complicated operative procedures 
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proved to be tedious because of the inability of the assistant(s) to effectively interact 
with the surgeon. Although articulated attachments containing a series of mirrors 
could split the laparoscopic image, these proved to be cumbersome and ineffective. 
In 1986, however, this problem was solved with the development of a computer 
chip television camera attached to the laparoscope. This began the era of video-
guided surgery in which laparoscopic surgical techniques could be used for more 
complicated gastrointestinal procedures. Video imaging has also facilitated the 
education of other surgeons and house staff. In addition, videotapes can now be 
used to document the diagnostic or operative procedure. Rapid developments in the 
area of video imaging have resulted in higher resolution video monitors affording 
greater clarity and definition as well as improved magnification of the operative 
field, making fine dissection of tissue plane easier26. New models of 3-dimensional 
television monitors are now being developed by instrument manufacturers to 
overcome the problem of loss of depth perception in laparoscopic surgery. 
In 1987, Mouret in Lyon, France removed a diseased gallbladder in a patient 
by exposing the porta hepatis by forceful cephalad retraction of the gallbladder 
fundus. Dubois, in communication with Mouret, immediately initiated animal 
laboratory testing and in May of 1988 performed his first clinical laparoscopic 
cholecystectomy26 and he reported the multipuncture technique in 198982. Around 
the same time, the procedure of laparoscopic cholecystectomy was established in 
Bordeaux (Ferissat) Nashville (Reddick et al), Dundee (Cuschieri and Nathanson) 
and Los Angeles (Berci et al)25. Since then, the practice of laparoscopic 
cholecystectomy has mushroomed world-wide. Within a few months, laparoscopic 
I 
surgery awakened from its dormancy and became the center of intense activity3. 
: / . . . : . , 5 1 
The advent of laparoscopic cholecystectomy was the single most important 
stimulus to the development of operative laparoscopy in surgery. Within a short 
time, various operative procedures have been performed by the new approach 
including highly selective vagotomy (Dubois 1989), oesophagectomy (Buess et al 
1989), truncal vagotomy and seromyotomy (Kakhouda and Mouiel 1990), 
ligamentum teres cardiopexy, ligature of bullae and pleurectomy thoracoscopic 
oesophageal myotomy (Cuschieri et al 1990), laparoscopic inguinal repair (Ger 
1990) abdominal cardiomyotomy, total and partial fundoplication (Cuschieri et al 
1991)25
 and partial gastrectomy, (Goh et al 1992)83. It is now impossible to keep up 
with the list of the operations that can be carried out laparoscopically as new 
reports come out of new dedicated journals and at every surgical meetings. 
The first suture repair of perforated peptic ulcer and peritoneal toilet was 
carried out by Nathanson et al in 198925 and the first laparoscopic repair of 
perforated peptic ulcer using fibrin sealant and an omental patch carried out in 
1989 was reported by Mouret et al in 199084. 
1
 ‘ , 
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1.4 The Future of Endoscopic and Laparoscopic Surgery 
<(The future is the past in preparation” 
Pierre Dac 
The advances made in instrumentation and image transmission are far from 
I complete. New developments in various areas may allow us to replace open surgery with 
endoscopic or minimal access procedure, hopefully resulting in less discomfort, shorter 
hospital stay and faster rehabilitation of the patient- This may be carried out at the expense 
of a longer operation time, higher instrument costs and a possibility of less tumour 
clearance in the case of resection for malignancy. We have now reached a state that we 
should be asking the question of whether it is worthwhile to carry out the procedure 
laparoscopically when compared with the conventional open surgery, but not whether the 
procedure can be done laparoscopically. In my mind, these laparoscopic procedures should 
be subjected to the test of a randomized study to evaluate their proper places in the various 
I fields of surgery. 
t 
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CHAPTER 2 HISTORY OF PERFORATED PEPTIC ULCER 
I <(There are no such things as incurables. There are only things for which man has not 
mfoundacure^ 
Bernard Baruch 
The first documented case of perforated peptic ulcer happened over two thousand 
years ago. A man from the Western Han Dynasty died in the year 167 B.C. and his body 
was preserved by immersing in Chinese herbal solution contained within a thick wooden 
coffin. In 1975 Chinese archaeologists in Hubei Province uncovered this ancient corpse 
which was very well preserved and it resembled an old man in sound sleep. The remains 
were comprehensively studied by Dr. Wu Zhongbi and his staff in the Pathology 
Department at Wu Han Medical College, Wu Han, Hubei. The results were published in 
the medical literature by Dr. To Cheng in 19841. In addition to other pathological findings 
involving other organs, the cause of death was diffuse peritonitis secondary to perforation 
of a prepyloric gastric ulcer2. 
Bailie in 1799 described a patient with perforated duodenal ulcer just distal to the 
pyloric ring2’3. The first report on a group of patients with acute free perforation of peptic 
ulcer was by Benjamin Travers in 18174; which included a clear, brief description of the 
signs and symptoms of this condition5. In 1843 Edwards Crisp reported 50 £ases of 
perforated peptic ulcer6 and accurately summarised the clinical aspects of perforation, 
concluding : "The symptoms are so typical, I hardly believe it possible that anyone can fail 
to make the correct diagnosis.” But he was pessimistic about the condition : "Once the 
perforation has occurred, the case must be considered hopeless. In Surgery's present state, 
the idea of cutting open the abdomen and closing the opening would be too quixotic to 
.% 
54 
mention .....…”7. However, according to Cope, it was Crisp who first suggested the 
possibility of operative closure8. 
The earliest attempt at surgical closure of perforated peptic ulcer was by Mikulicz-
Radecki in 1884 and it was unsuccessful9. Mikulicz-Radecki was a student of Billroth and 
i he wrote in 1884 : "Every doctor, faced with a perforated ulcer of the stomach or intestine, 
j must consider opening the abdomen, sewing up the hole, and averting a possible or actual 
inflammation by careful cleansing the abdominal cavity". Presumably due to this 
statement, the first such successful acute operation has been wrongly ascribed to him7. This 
operation was not performed until 19 May 1892 and at a by no means famous clinic. In 
Barmen now part of Wuppertal a man aged 41 with a classic history of-serious stomach 
ulcer - pain and nausea for twenty years, with four episodes of bleeding - suddenly came 
down with peritonitis and shock. Ludwig Heusner, a private doctor, was summoned to his 
home late at night. Realizing that he could not be moved, Heusner accomplished the 
essential operation with difficulty in two and a half hours7. This was reported by the 
German surgeon Kriege in 189210 and Heusner was Kriege's superior2. A very similar 
operation was performed the next month by Hastings Gilford in Reading, England7. 
Around the end of the 19th Century, unlike today, duodenal ulcers were relatively 
r rare. Hence their perforation was unusual, and it took a long time before anyone saved a 
patient by operating. The first to do ISO was Henry Percy Dean of London. His resu^ s being 
published in 189411. Post-operatively Dean's patient was "fed solely per rectum by 
nutrient enemata and suppositories for seventeen days 5. Atherton of the United States 
closed an acute perforation later the same year12. 
At the turn of the century, technical procedures were developed to treat peptic ulcer 
and it is not surprising that other procedures were added to that of simple closure in the 
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treatment of perforated peptic ulcer. In 1897, Braun added posterior gastroenterostomy13, 
which was widely used for perforated peptic ulcer for the next 40 years5. This operation, 
of course, resulted in a significant proportion of patients developing neostomal ulcers14 and 
Richard Lewisohn in 1925 reported a 34 percent incidence of neostomal ulcer after 
gastroenterostomy in the New York Moiint Sinai Hospital15. 
Keetley of London performed the first definitive gastric resection for a perforated 
gastric ulcer in 190216; this use was further developed in the next 30 years in Europe and 
in United States. Von Haberer extended the indication of gastrectomy to perforated 
duodenal ulcer in selected cases17. Other early advocates of gastric resection in selected 
cases of acute perforated gastric and duodenal ulcers were Odelberg of Stockholm in 
f 192718 and Yudin of Russia in 192919. Surgeons in the United States were slow to accept 
gastric resection as the treatment of choice in selected cases of perforated duodenal ulcer, 
I but the extensive review by DeBakey in 1940 did much to stimulate interest in the 
I definitive approach20. Later Cooley and DeBakey demonstrated the feasibility of the 
procedure in 112 cases in 195521. 
In 1943 Dragstedt and Owens reintroduced the concept of vagotomy for treatment 
of duodenal ulcer22. Trucal vagotomy was first developed experimentally by Brodie23 
Claude Bernard24 and Pavlov25 at the end of the 19th Century. Schiassi in 1925 added a 
drainage procedure to vagotomy to reduce the side effects of gastric retention26 and t^arjet 
first used vagotomy and gastroenterostomy27. Latarjet also introduced selective gastric 
vagotomy but a drainage operation was still necessary2. As the long term complications of 
J gastric resection of dumping, diarrhoea and weight loss were known, many surgeons in the 
1950s gradually and cautiously began to adopt vagotomy and drainage. By late 1960s and 
early 1970s, gastric resection had lost much of its appeal for the treatment of duodenal 
ulcer2. Griffith and Harkins in 1957 introduced experimentally proximal gastric vagotomy 
'% 
56 
(or parietal cell vagotomy or highly selective vagotomy)28. The first reports of highly 
selective vagotomy in man appeared in 1970 by Johnston and Wilkinson29, and Amdrup 
and Jensen30. The main advantages of this operation are its safety because no drainage is 
necessary and its lack of side effects. Soon modifications of the standard highly selective 
vagotomy are reported31"36. Highly selective vagotomy is still the most popular operation 
for selected cases of perforated duodenal ulcer performed by surgeons who elect for 
definitive ulcer operation at the time of the acute emergency. On the other hand, many 
centres still practise simple repair of perforated duodenal ulcers because one third of these 
patients require no further treatment. In the same time period, planned nonoperative 
5' treatment of acute perforations also evolved as a definitive management, largely through 
j the contributions of Taylor37 38. 
The current position of the different treatment regimens for perforated peptic ulcer 




I PART II SIZE OF THE PROBLEM 
• > 
I 
uAny solution to a problem changes the problem. ” v 
R. W. Johnson 
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PART II SIZE OF THE PROBLEM 
^The only limit to our realization of tomorrow will be our doubts of today. ” 
Franklin D. Roosevelt 
CHAPTER 1 INCIDENCE OF PEPTIC ULCER IN DIFFERENT PARTS OF THE 
I WORLD ^ 
At the turn of the century, duodenal ulcer was a rarily1. Gastric ulcer was more 
I common and tended to be a disease of the younger women2. Duodenal ulcer gradually 
I becomes more frequent, particularly in men, whilst gastric ulcer becomes more of a disease 
of
 the elderly1'2. Now the lifetime prevalence of duodenal ulcer is estimated to be 
I approximately 10 per cent of Western men and 4 per cent of Western women, and there is 
I much evidence to show that ulcer frequency is high in many underdeveloped areas1. Peptic 
ulcer incidence fluctuates from time to time and from place to place, indicating the 
interplay primarily of environmental influences1, as well as genetic factors2. 
The chances of ulcer disease being detected notably depend upon th ready 
I availability and type of diagnostic facilities, cultural influences upon disease perception and 
I clinical criteria ordinarily employed clinically in deciding to search for the disease. As a 
I consequence, data collected in different countries, or even in areas within a country, may 
not be comparable3. Such criticisms can also be applied to data collected in a single area 
I over a period of time because of changes in diagnostic methods, patients' and physicians' 
attitudes. 
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Evidence of temporal changes in ulcer frequency in different parts of the world has 
shown that there are different trends in ulcer frequency, especially that of duodenal ulcer. 
In some countries such as United Kingdom, duodenal ulcer frequency reached a peak just 
over 20 years ago and has since fallen2. Similar falling trends were described in Western 
:Germany4, Switzerland5 and were supported by other European studies6 7. However, in 
other countries such as Denmark8 and France9 duodenal ulcer frequency levels off while 
others such as Hong Kong10,11 and Singapore12 it continues to rise. The annual incidence 
per 1000 population varies from about 1 in Japan13 to 1.5 in Norway14, 1.8 in United 
States15 and 2.7 in Scotland16, and the frequency also varies within many individual 
I countries, such as Australia17, China18 and India19 and among races with a higher 
I prevalence among whites than blacks in United States20 and among Chinese than Javanese 
I in Indonesia21. Ulcer frequency is higher in winter months, and this appears universal, 
I being true in cold as well as in tropical countries1. Most places report a rise of ulcer rates 
among the elderly in recent decades1,2. The male to female ratio also varies geographically, 
I for example from 1:1 in United StateS22 t0 18:1 in India and with time such as moving 
I
 from 2:1 to 1:1 in the last two decades in United States^ z^ s, and the duodenal ulcer to 
I gastric ulcer ratio also varies widely from place to place for example from 1:1 in 
I Norway^ ,^
 4:1 in United Kingdom^, United States23 Hong Kong10,11 Taiwan26 and 
I Singapore27, 19:1 in Africa28 and 32:1 in India19. Placebo healing rates also differ 
I geographically, ranging from 0% to 78%, with an average of around one-third as p^orted 
in 106 randomised placebo-controlled trials29. 
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CHAFFER 2 INCIDENCE OF PEPTIC ULCER IN HONG KONG 1970-1993 
2.1 Introduction 
The trends in hospital admissions, perforation and mortality of peptic ulcer in Hong 
Kong from 1970 to 1980 were published by Koo et al in 198310. 
I extended the study to cover the period from 1970 to 1984 because over this period 
there was a change in the incidence of peptic ulcer disease in the West. The data was 
presented in the International Symposia in Matsuyama on the third day of the 27th Annual 
Meeting of the Japanese Society of Gastroenterology, November 9 1985. Subsequently the 
% work was published in a monograph "New Trends in Peptic Ulcer and Chronic Hepatitis, 
Part I Peptic Ulcer”11. I further followed this with a second study for 1985 - 1993. These 
two studies will now be presented. 
2.2 Study on The Trends in Hospital Admissions Perforations and 
Mortality of Peptic Ulcer in Hong Kong from 1970 - 1993 
Aim 
The Aim of the study was to examine data on hospital admissions, perforatidns, and 






In Hong Kong, until the Hospital Authority (HA) took over the management of the 
hospitals in 1989, the population was served by three types of hospital : government, 
government-assisted and private. Yearly, each hospital sent its statistics to the Medical & 
i Health Department of Hong Kong, from which the data on hospital admissions for peptic 
f ulcer disease from 1970 to 1989 were obtained30. After the HA took over, the Department 
of Health was formed and the data were obtained from the Annual Reports of the 
J Department of Health frctiri 1990 to 1993^ . The three categories of hospital previously 
called government, government-assisted and private hospitals were then renamed as HA 
I hospitals, hospitals in corresponding institutions and private hospitals respectively. The 
I Department of Health collected and provided the same types of data as published previously 
by the Medical & Health Department and so the reports from the Department of Health 
f could be treated as a continuation of the same types of reports. Annual figures of 
I admissions to private hospitals were not available until after 1977. From the available 
I figures since 1977 the private hospitals accounted for 20% to 25% of the total yearly 
admissions for peptic ulcer disease. 
The admission figures included all patients with uncomplicated and complicated 
I peptic ulcer disease. However, categorization according to age and sex of patients and the 
9 
nature of complications was not uniformly recorded by individual hospitals. 
Perforations 
Data on ulcer perforations were obtained from a detailed search of the operating 
room logbooks from all four regional general hospitals in Hong Kong (Queen Mary, Queen 
Elizabeth, Princess Margaret, and Kwong Wah hospitals) from 1970 to 1980. These 
regional hospitals provided 1,200 - 2,000 hospital beds each and together they admitted 
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the majority 85%) of all acute medical and sixrgical emergencies in Hong Kong during 
that period of time. Survey made for the years 1970 - 1972 and 1978 - 1980 indicated 
that of the total number of perforated ulcers operated on in all acute-care hospitals in Hong 
Kong, the four regional hospitals accounted for 87% and 83% respectively, of the total. The 
total number of perforations found in these regional hospitals was used to calculate the 
rates per 100,000 population. The resulting data therefore represented an underestimation 
but were representative. For the purpose of this study, all perforations in the duodenal or 
juxtapyloric region were grouped as duodenal ulcers, and all other ulcers of the stomach 
were classified as gastric ulcers. 
An attempt was made to obtain data on ulcer perforations from a detailed search of 
I' the operating room logbooks from the four regional general hospitals in Hong Kong (Queen 
‘Mary, Queen Elizabeth, Princess Margaret and Kwong Wah hospitals) for the period 1981 
‘ 1993
 as in the previous study. This soon was abandoned because of the following 
difficulties : 
(1) the value of nonoperative conservative management of perforated peptic ulcer was 
I confirmed by a randomised controlled trial published in 198932 and some centers in 
Hong Kong decided to try conservative treatment on their patients as an initial 
management. This made the data on the operating theatre logbooks unreliable in 
reflecting on the total number of cases of perforation. ' 
(2) operations on perforated peptic ulcer were carried out more and more in non-
regional hospitals because these hospitals were upgraded. These included Pok Oi 
I Hospital, Our Lady of Maryknoll Hospital, Tung Wah Hospital, Tung Wah Eastern 
I Hospital, United Christian Hospital, Tang Shiu Kin Hospital and Caritas Medical 
Centre. 
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Also, more new hospitals with acute emergency surgical service (regional and non-
regional hospitals) were opened during this period of time. These include the 
I following hospitals :- Prince of Wales Hospital, Tuen Mun Hospital, Ruttonjee 
Hospital, Pamela Youde Nethersole Eastern Hospital, and New Yan Chai Hospital. 
f (3) as Hong Kong becomes more affluent, more patients with perforated peptic ulcers 
are operated upon in the private hospitals. 
I Deaths 
I Figures of mortality due to peptic ulcer disease were complete for the whole 
I population and were based on a complete tabulation of death certificates supplied by the 
I Medical and Health Department for 1970 to 198930 and the Department of Health for 
[1990 to 199331. 
Results 
Hospital admissions 
I Hospital admissions to the government And government-assisted hospitals showed a 
I gradual rise from about 6,500 in 1970 to a peak of about 11,000 in 1986. This rise was 
confirmed by the total admission into all hospitals in Hong Kong since 1977 when this 
admission figure became available. The total hospital admission in 1986 was 12,993 which 
was followed by a steady fall to 9,836 hospital admissions in 1993. Likewise, the admission 
rate rose from 152 per 100,000 population per annum, peaked at 239.6 in 1986 and 
I gradually fell to 167.3 in 1993 (figure 1). This rise occurred in patients with gastric and 
I duodenal ulcers (figure 2). The male to female ratio of patients with peptic ulcers was not 





























































































































































































































































































































































































There was a gradual rise in the incidence of perforated peptic ulcers from a mean 
|ate of 9 per 100,000 population per annum from 1970 • 1972 to 16 from 1978 - 1980. 
Irhis rise was seen in perforated duodenal ulcer. The incidence of perforated gastric ulcer 
•remained stable (figure 3). 
t Deaths 
There was a decrease in mortality from peptic ulcer from around 9 per 100,000 
I population per annum far 1970 to a low of 1.9 in 1985. From 1985 onwards, the 
I mortality stayed around 2 to 3 per 100,000 population per annum (figure 4). 
Discussion 
In Hong Kong, the total number and rate of hospital admissions for patients with 
I peptic ulcers rose in the period 1970 - 1986. This rise may be due to a true increase in the 
I incidence of peptic ulcers in the population, but it may also be due to improvements in 
I diagnosis or a change in patients' and physicians' attitudes, resulting in more liberal 
^ admissions for patients with peptic ulceration or its complications. If we assume that the 
I incidence of perforation in patients with peptic ulcer remained constant • or at least 
I changed little _ in the period studied, then the rate of ulcer perforation would be a better 
I index of the overall incidence of peptic ulcer disease than either the total number of 
t 
admissions or the admission rates. Once a diagnosis of ulcer perforation is made, admission 
I becomes mandatory. The majority of the patients in this study were admitted to regional 
I hospitals where surgical interventions was the rule and few perforations would have 
I escaped diagnosis. Thus, the increase in the incidence of ulcer perforation in Hong Kong 











































































































































































































































































































I period of time. This rise in the incidence of hospital admission for peptic ulcer diseases is 
followed by a gradual decline after 1986. Whether such a decline in hospital admission is 
related to a change in patients' and physicians' attitudes toward a less liberal admission for 
peptic ulceration or its complications, or is related to a true decline in the incidence of 
peptic ulcer diseases remains to be seen. I am more inclined to believe that the incidence of 
peptic ulcer in Hong Kong follows the same pattern as in other developed countries. In 
these countries, there was a gradual increase in incidence at the turn of the century, peaked 
and followed by a gradual decline. Hong Kong seems to follow this pattern after a lag 
period of several decades. 1 
I Mortality due to peptic ulcer had declined gradually. For a disease such as peptic 
I ulcer, which is associated with a low overall mortality and from which death occurs almost 
! exclusively in hospitals, improvements in hospital care and general health care may make 
_ an important impact on the mortality. It is difficult to further decrease the mortality rate in 
f peptic ulcer in future, because as the population grows older, the mortality rate for peptic 




CHAPTERS INCIDENCE OF PERFORATED PEPTIC ULCER 
3.1 Incidence of Perforated Peptic Ulcer in Different Parts of the World 
As far as the risk of perforation in patients with peptic ulcer is concerned, the 
available information is scarce, partly due to the relative low frequency of such a 
complication34. As in uncomplicated peptic ulcer, the incidence of perforated peptic ulcer 
I . 
I rose throughout the first half of this century to a peak in the 1950s in many Western 
I countries35"37. The incidence has since declined in Un Kingdom25,38 in Sweden39 and in 
I united States40. However this decline in perforation rate was not confirmed by data from 
I another group in United Kingdom41. It also appears however, as though the trends for 
I ulcer complications are different in different age groups. Whereas perforation rates in 
j younger people are falling, there is an upward trend among the elderly, particularly in 
older women with duodenal ulcer25,42,43.
 n a large survey from Scotland, the ratio of 
perforated duodenal: gastric ulcers has fallen, as has the male : female ratio44. 
At present, perforated peptic ulcer accounts for 10% of all hospital admissions 
related to ulcer disease and occurs with an annual incidence of 7 - 10 per 100,000 
population in United States45. Its significance is further indicated by a review showing 
patients with duodenal ulcer perforation account for over 70% of deaths associated with 
v 
peptic ulcer disease46. Pulvertaft estimated the risk of perforation of duodenal ulcer to be 
I 0.8% and 0.3% per year in male and female patients respectively after initial diagnosis47. 
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»3.2 Incidence of Perforated Peptic Ulcer in Hong Kong 
Figure 3 in page 67 shows the number of patients operated for perforated peptic 
•ulcer in the four regional hospitals in Hong Kong per 100,000 population for the period 
I !97o - 1980. The data probably represented 85% of all patients with perforated peptic 
I ulcer in Hong Kong during the period of the study. A percentage can be calculated for the 
I number of perforated ulcers over the number of hospital admissions in Hong Kong for the 
period 1970 - 1980. The percentage was 6% to 9% for this period of the study, with an 
I average of 7% (figure 5). An estimation of the number of perforated peptic ulcer in Hong 
I Kong can be made by assuming the perforation rate to be 7% of all hospital admissions for 
I peptic ulcer. The total number of patients with perforated peptic ulcer in 1993 in Hong 
I Kong 9 836 x 7% x 100/85 810 cases of perforation. 
I s.3 incidence of Perforated Peptic Ulcer in Prince of Wales Hospital, Hong 
I Kong 
The number of patients admitted with a diagnosis of perforated peptic ulcer from 
1987 to 1994 is shown in figure 6. The admission peaked in 1988 to 254 and gradually 
leveled off to about 100 admissions in 1993. Perforated duodenal ulcers were much more 



















































































































































































































































































































































I PART III CURRENT TREATMENT OF 
" ’ PERFORATED PEPTIC ULCER 
I “Men worry over the great number of diseases while doctors worry over the 
scarcity of effective remedies. ” 
Pien Ch iao 
75 
PART III CURRENT TREATMENT OF PERFORATED 
I PEPTIC ULCER 
I ^ when a thing ceases to be a subject of controversy, it ceases to be a subject of interest ” 
William Hazlitt 
I CHAPTER 1 RECENT DEVELOPMENTS IN TREATMENT OF 
s ” UNCOMPLICATED PEPTIC ULCER 
I “A drug is a substance that when injected Mo a guinea pig produces a scientific paper•” 
Anonymous 
I Recent developments in the drug treatment of uncomplicated peptic ulcer may have 
I an important impact on the choice of the future treatment of perforated peptic ulcer. 
I For most of the last 70 years, methpds of healing peptic ulcers have relied on 
I reduction of gastric acid. The expansion in our understanding of ulcer pathogenesis has 
r been paralleled by the development of a number of effective therapeutic agents for peptic 
I ulcer with different mechanisms of action. Pharmacologic agents which are commonly 
I used nowadays can be classified into two categories : those that promote ulcer healing by 
I reducing intragastric acidity and those that enhance mucosal defense mechanisms. Of 
I note, the precise mechanism(s) of action of some drugs is not fully understood1. 
I' Agents which act by reduction of intragastric acidity include histamine receptor 
[antagonists^ the proton pump inhibitors” and antacids^ . Agents which act by 
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enhancement of mucosal defences include sucralfate10-12, bismuth compounds13,14 and 
prostaglandin analogues10 15. All these agents seem to be effective in the acute therapy for 
duodenal and gastric ulcers. In choosing among the drugs available, certain factors should 
Ibe considered. These include the required dosing frequency (which affects patient 
compliance)’ cost, the likelihood of ulcer recurrence after healing, patient acceptability, 
side effects and approval by government regulatory bodies (e.g. FDA approval). Drug 
I selection to a large extent is subjective1. 
In the majority of patients, peptic ulcer is a chronic illness with remission and 
S relapses. When treatment is discontinued after the ulcer has healed, recurrence occurs up 
I'
 to 50% to 80% of patients within 12 months10. Factors that may predict ulcer recurrences 
I include males, smokers, or alcoholics, or those who already have a history of frequent 
I recurrences1’10. Numerous clinical trials confirm the efficacy of continuous maintainance 
I therapy with a half-dose histaminez receptor antagonist (cimetidine 400 mg, ranitidine 150 
I
 mg? famotidine 20 mg) at bedtime in reducing the incidence of ulcer recurrence to 20% to 
50% per year. Sucralfate 1 gm twice a day also appears to be effective1. The ideal length of 
I maintainance therapy is not agreed on. Lifetime treatment may be necessary for peptic 
I ulcers after simple repair for perforation, espedally in high risks patients. Chronic medical 
I therapy needs to be balanced against surgical therapy for peptic ulcer disease. Highly 
I selective vagotomy is effective for perforated peptic ulcers and ha^  minimal morbidity and 
I mortality rates. It is therefore a reasonable choice for perforated peptic ulcer, and a more 
detailed discussion will be presented later. 
The link between Helicobacter pylori and duodenal ulcer indicates another -
I possibly the most important - factor in the causation of this disease. Several randomised 
I studies have shown that when H. pylori is eradicated, the relapse rate of duodenal ulcer is 
I reduced from around 85% to 5 - 10% in the following year^ -is. studies have shown that 
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duodenal ulcers treated with histamine2 receptor antagonists heal faster if H. pylori is 
eradicated concurently19 20 and duodenal ulcers associated with H. pylori heal without acid 
suppression if H. pylori is eradicated21. 
Similarly, there is a link between H. pylori and gastric ulcers with about 70% of 
I patients with gastric ulcers being infected by the organism22’23. If patients with ulcers 
I induced by nonsteroidal antiinflammatory drugs are excluded, the prevalence of infection 
with H. pylori in patients with gastric ulcers is around 96 percent^  . Studies have shown 
I that eradication of H. pylori in patients with gastric ulcers resulted and enhanced the 
I healing of the ulcers25"27 and reduced their recurrence22 25 27. Also eradication of H. pylori 
I without acid suppression heals gastric ulcers that are unrelated to the use of nonsteroidal 
I antiinflammatory drugs and reduces the rate of recurrence of ulcers28. 
The prevalence of H. pylori in perforated ulcers has been shown to be 86% in 
I duodenal ulcer and 53% in gastric ulcer in Hong Kong29. Whether improvements in drug 
I medication in the prevention of ulcer recurrence will affect the choice of operation for 
perforated peptic ulcer at the time of the acute emergency in the future remain unclear. 
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IcHAPTER 2 MY CONTRIBUTIONS TO THE MEDICAL TREATMENT OF 
UNCOMPLICATED PEPTIC ULCER 
^The art of medicine was to be properly learned from its practice and its exercise. ” 
Thomas Syndenham 
I have been involved in many studies using various therapeutic agents in healing 
:uncomplicated peptic ulcer. These agents include histaminez receptor antagonists, proton 
pump inhibitor, sucralfate and prostagladin analogues. I |iave also been involved in studies 
J. on the pathogenic role of H. pylori and the effect of drug treatment on duodenal ulcer-
associated antral gastritis and H. pylori. 




CHAPTERS REVIEW ON CURRENT TREATMENT OF PERFORATED PEPTIC 
I ,. : . " ULCER 
I “in the present state of my ignorance, it seems more useful to gather facts than to formulate 
hypotheses.v 




The two most frequent perforations of the gastrointestinal tract are first, duodenal, 
I and second gastric ulcer. They generally cause sudden, severe upper abdominal pain, and 
I patients frequently recall the precise moment of onset of the pain. Chemical peritonitis is 
I caused by the leakage of duodenal or gastric contents and results in outpouring of fluid 
I from the peritoneal surface. There is generally sufficient acid from the stomach so that 
I bacterial peritonitis develops only latere Perforation can be the initial presentation of the 
I disease^ . A history of peptic ulcer diseases is present in 60% to 75% of these patientS32-34. 
I Following the use of histaminez receptor antagonists, the incidence of elective 
I operations for chronic peptic ulcer decreased dramatically. The incidence of perforated 
j ulcer has not changed in most medical centers^ ,3i,35? although a few reports have 
I suggested a decrease^ . The mortality rate from perforated peptic ulcer appeared to be 
I increasing as more perforations occur in elderly patients with associated medical illnessA 
I irvin in 1989 reported a 26 percent hospital mortality rate in 284 patients with perforated 
peptic ulcer. Patients 70 or more years of age had a mortality rate of 35 percent while 
patients less than 70 had a mortality rate of 14 percent37. Ball and associates reported a 31 
percent mortality rate. Again, age was a factor with all deaths occurring in patients over 
60 years old38. The exact risk of age remains controversial32 and the majority of the deaths 
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of elderly patients after surgery for perforated ulcers have been attributed to factors of 
preoperative shock, concurrent medical diseases or severe generalised peritonitis or intra-
abdominal abscess as a result of delayed surgery30,32. In a prospective evaluation of risk 
factors in 613 patients with perforated duodenal ulcers, Boey and his associates identified 
only three independent factors that predicted death : preoperative shock, perforation for 
I
 m0re than 24 hours and concomitant serious medical illness. When no risk factors were 
present, the mortality rate was 0.4%; with one factor present, it was 4%, with two factors, it 
I
 Was 45%, and when all three factors were present, it was 87%39. 
The mortality from perforation of gastric ulcer is even higher than that from 
I duodenal ulcer, with an average rate of more than 20 percent compared with 10 - 12 
I percent for perforated duodenal uker^ -A Results of studies by the Commission on 
I Professional and Hospital Activities in the United States of America indicate that the median 
i percentage of death from complications of peptic ulcer disease from 1970 to 1978 was 
I approximately 9 percent for perforated duodenal ulcer and 13 percent for perforated 
gastric ulcer43. 
3.2 Currently Available Treatment Options. 
f initial management of patients suspected of having a perforated peptic ulcer 
I includes instituting intravenous fluids, drawing blood for appropriate laboratory studies, 
I and inserting a nasogastric tube to empty the stomach. These measures should be started 
I before radiographic studies are begun. Intravenous antibiotics should be given once the 
I 
j diagnosis is s u b s t a n t i a t e d ^ . As soon as the patient's condition has stabilized, subsequent 
choice of therapy becomes more controversial for perforated duodenal ulcer than for 
I perforated gastric ulcer. For ease of discussion, the available treatment options for 
I perforated duodenal ulcer and perforated gastric ulcer are discussed under separate 
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%eadings. However, it is difficult to differentiate between perforated duodenal ulcer and 
p^erforated gastric ulcer at the time of emergency for patients who receive nonoperative 
ftreatment for perforated ulcer. 
f 3.2.1 Perforated Duodenal Ulcer 
I [A] Nonoperative Treatment 
Crisp, in this report on perforation of the stomach in 1843, noted that "occasionally 
1 the aperture is filled up by adhesions of the stomach to softie of the surrounding viscera and 
I in these instances the contents of the stomach do not escape into the peritoneum"45. 
Battams in 1883 described two fatal cases of perforated gastric ulcer in which the 
I perforations were found at autopsy to be sealed by fibrin46. Hall in 1892 reported six 
• collected cases of spontaneous recovery following gastric ulcer perforation and added one 
of his own47. In spite of such early recognition of the potential for spontaneous recovery, 
no planned therapeutic policy evolved based on this potential for self-sealing44 until 
Wangensteen's report in 1935. He treated nine patients nonoperatively using nasogastric 
suction48. Ten years later Bedford-Turner reported six consecutive cases successfully 
treated by a planned nonoperative program, the central feature of which consisted of 
frequent aspiration of stomach using an indwelling nasogastric tube49. In the same year 
Taylor presented the first of a series of impomnt reports in which conservative treatment 
was successfully applied to the management of perforated peptic ulcer50. Taylor later 
advised that conservative treatment be limited to perforation of acute ulcers, which he 
I defined as those in patients with “no history of indigestion longer than three months”. 
Additionally, he advised that certain patients who were "too ill for surgery" should be 
similarly treated31. This latter indication, first stated by Wangensteen, has been quite 
universally accepted52. An extensive study of nonoperative management is that of Fontaine 
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et al53 who ported that approximately 80 percent of all patients recovered without 
operation, supporting the finding of Taylor and otherS54-56. Failure of abdominal findings 
to improve within 3 to 5 hours53 demonstration of increasing pneumoperitoneum, obvious 
severe aerophagia, or deterioration after a period of improvement are considered 
indications for discontinuation of nonoperative treatment44. 
Wide acceptance of nonoperative treatment has not occurred because of the all-too-
frequent tragic instances of death caused by continued leakage from the perforation. 
Visible proof of the persistence of the hole at the site of the perforated peptic ulcer can be 
I established precisely by the roentgenpgraphic method using aqueous Hypaque (diatrizoate 
meglumine). This is shown by leakage of Hypaque, which establishes a precise diagnosis 
j and the need for emergency operation. In the presence of pneumoperitoneum and absence 
I of leakage, failure to visualize the duodenum with Hypaque and inability to exclude other 
I causes of pneumoperitoneum are indications for emergency operation Experience with 
I nonoperative management of perforated peptic ulcer with the use of Hypaque has been 
I reported by Berne and associates^ ,57
 and Donovan and associates^ A m the more recent 
report of 109 patients managed nonoperatively five (4.6%) died59. 
I Despite the excellent results attained with nonoperative management in selected 
f patients, this approach has been restricted to patients with very high operative risks in most 
I centers32. The reasons for this practice include the time required to complete the contrast 
study, the need for cooperation from the radiology department at irregular hours, the ease 
I
 arid speed of operative closure of the perforation, and the excellent results obtained with 
definitive therapy of the ulcer as will be discussed later. 
Interest for nonoperative surgery was focused again by a controlled trial conducted 
I
 in Hong Kong of 83 patients with perforations, about half of whom were randomly 
•igned to nonoperative management60. After 12 hours, 28% of the conservatively treated 
Jpatients showed no clinical improvement and these patients subsequently underwent 
I 
Lurgery. Overall mortality rates in the two groups were similar : neither was there any 
Significant difference in morbidity rates. The hospital stay was 35% longer in the group 
itreated conservatively, and response to conservative therapy in patients aged over 70 years 
••as much less likely than in patients under 40 years old. 
I - , - , : :,..,:,:.:..^  
• IB] Laparotomy and Patch Repair 
The first successful operation for perforated peptic ulcer consisted of simple closure, 
lavage and drainage6i. since then this operation became popular. It was the most 
|:ommonly performed operation for perforated duodenal ulcers in most large series 
r^eported before early 1980s62"67 with the exception of reviews from institutions in which 
sxiefinitive procedures such as vagotomy with pyloroplasty or vagotomy with resection were 
[ being studied68'69. With the advent of highly selective vagotomy which is a safer definitive 
I operation with less side effects, some authors suggest that highly selective vagotomy be •' 
added to simple closure whenever possible in all patients with a perforated duodenal 
I ulcer34'39'70. However, even the strongest advocate for immediate definitive ulcer surgery 
for perforated peptic ulcer agrees that simple repair is indicated in patients who are poor 
I sui^ ical risks because of major concurrent medical illness or shock, in patients who have 
. 
I heavy bacterial contamination of the peritoneal cavity because of delay in surgery and 
I when a surgeon experienced in ulcer surgery is not available^,44,71.
 As peptic ulcer 
I frequency has declined in many countries in recent decades, fewer surgeons have acquired 
I enough expertise in performing highly selective vagotomy. As perforated peptic ulcer is 
I frequently an “out of hours emergency, simple closure is still an attractive option in many 
I centers71. Prior to 1940 the mortality rate following suture plication of perforated peptic 
. — ‘ 
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ulcer stood at 26% . F o r perforated duodenal ulcer, many centers now report mortality 
rates of 5 to 10%62’66,73 and figures as low as 2.9% have been recorded74. 
[C] Definitive Ulcer Surgery 
I Long-term follow-up of patients with omental patch closure or other forms of 
plication of a perforated duodenal ulcer in older published series has revealed that the 
t operation is far from ideal. Hennessy et al reported that almost 90% of their patients 
I experienced dyspepsia after suture plication and that definitive surgery was needed in just 
I over half. One patient in 5 bled during follow-up, while 1 in 8 developed pyloric stenosis 
I
 and 1 in 11 reperforated75. Only 20% of patients remained asymptomatic after simple 
I dosure62 75 although this figure was higher in patients who were asymptomatic before 
I perforation^ . In Cassell's study, 20% of patients with a dyspeptic history of less than 3 
^ months required further ulcer surgery after simple closure, compared to 43.5% of those 
I with a longer history73. Griffin and Organ found on long-term follow-up after suture 
I plication that 78% of patients came to re-operation, had died from ulcer complications, or 
I were under active treatment for ulcer symptoms^ . In a more recent review from Boey and 
1 wong, major ulcer complications occurred in 52% of patients (28% bleeding; 15% pyloric 
! obstruction; 9% reperforation) with proved recurrences after simple closure. In the group 
I
 0f patients with recurrences, 40% required a second operation^ . Morran and Carter 
I v^iewed the medical literature on the results of simple closure of duodenal perforation 
published in the late 1960s and the 19708^ . The operative mortality rate ranged from 5 to 
f ii% subsequent dyspepsia rate ranged from 62 to 90%, and further surgery and/or 
complication rates ranged from 24 to 69%. 
As early as the 1900s when most surgeons advocated simple closure as the operation 
of choice for perforated duodenal ulcer, the concept of an immediate definitive ulcer 
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pUI^ exy has already been applied32. Truncal vagotomy and pyloroplasty has been used as a 
Idetinitive procedure for perforated duodenal ulcers since its introduction by Dowden in 
I190977. DeBakey72 summarized the advantages of the procedures, which are as follows : 
the lesion is removed; (2) pyloric stenosis is avoided; (3) the length of the operation is 
•only very slightly greater than that of simple closure; (4) the usual location of the ulcer 
I iends itself readily to the performance of the procedure; and (5) the excision of the infected 
I indurated ulcer margin allows for the healing of normal tissue. The operative mortality 
I
 mte of emergency truncal vagotomy and pyloroplasty for perforated ulcers has been from 0 
I to 15.4% in large series reported since 1960^ 3-76,78-80.
 In the series with the highest 
I mortality rate, 6 of the 10 deaths occurred in patients with associated medical illnesses. 
I The long-term results have been similar to those reported after elective vagotomy and 
pyloroplasty with a recurrent ulceration rate of 12% to 15%78 79. 
Von Haberer first advocated subtotal gastric resection for perforated duodenal 
ulcers in 191981. Much as with vagotomy and pyloroplasty, the technique did not have 
I many advocates until approximately 40 years ago when improvements in anaesthesia, 
I antibiotics and perioperative care appeared^,»2-85. Subsequently, truncal vagotomy and 
I hemigastrectomy replaced subtotal gastric resection as the advantages of the former 
I procedure became evident. The principal advantages of truncal vagotomy and resection 
I are the only modest increase in operative time over truncal vagotomy and pyloroplasty, the 
I equivalent operative mortality rate when extensive resection is avoided in patients with 
I severe inflammation of the duodenum, the similarities in the incidence and magnitude of 
I post-operative gastrointestinal complaints, and the 8% to ' 10% decrease in the rate of 
I recurrent ulceration compared with vagotomy and pyloroplasty^ . The operative mortality 
I rate for gastric resection with or without vagotomy is extremely low in properly selected 
I patients32. In a series of 330 consecutive patients with perforated duodenal (n 262), 
I
 gastric (n = 60), and marginal or combined ulcers (n = 8), the overall operative mortality 
86 
Irate was 6.1%. The operative mortality rates were 3.2% for resection and 10.2% for 
{omental patch repair. In the 262 patients with perforated duodenal ulcers, vagotomy and 
I resection was performed in 148, and the operative mortality rate was 2%. Omental patch 
I repair was used in 111 patients with perforated duodenal ulcers, and the operative 
I mortality rate was 9%88. These figures are representative of the selection process used, with 
I omental patch repair used in sickest patients. 
Highly selective vagotomy was used for perforated duodenal ulcer soon after its 
I clinical application in m 32. Sawyers and Herrington had no operative mortality nor any 
recurrent ulcers in 21 patients with perforated duodenal ulcers followed 6 months to 3.5 
years after operation89. Boey and coworkers compared simple closure, truncal vagotomy 
and drainage, and highly selective vagotomy with closure in a randomised double-blind 
trial involving 101 patients with perforations in chronic duodenal ulcers. There was no 
I operative deaths in any of the three treatment groups. After 39 months of follow-up, the 
I cumulative rates of recurrence were 63% after closure, 12% after truncal vagotomy and 
I drainage and only 4% after highly selective vagotomy79^ 90. Jordan performed omental 
I patch closure and highly selective vagotomy over a 7-year period. There were no operative 
I deaths. After 1 to 8 years of observation, one^ patient (2%) had developed a recurrence and 
I required a vagotomy and pyloroplasty^ . In another randomised series involving patients 
I with perforation of acute duodenal ulcers, Boey and coworkers compared closure with 
I highly selective vagotomy and closure. Once again there were no operative deaths. After 3 
I years, the cumulative recurrence rates were 37% after closure and 11% after closure and 
I highly selective vagotomy^ 2. Boey and coworkers noted the safety of highly selective 
I vagotomy (0.7% mortality rate in 138 consecutive operations for perforated duodenal 
ulcers), the absence of post-operative gastrointestinal sequelae, and the low rate of 
I recurrent ulcer made it the operation of choice in medically fit patients with perforation of 
I chronic duodenal ulcers34 and in some patients with perforation of acute duodenal ulcers^ 2. 
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1{D1 Laparoscopic Treatment 
According to Mouret and his associates in their report published in 199093, 
I laparoscopic treatment of perforated peptic ulcer was first carried out in 1989. 
A variety of laparoscopic techniques for perforated duodenal ulcer have evolved 
I over the last few years94. Some workers use laparoscopy to confirm or to refute the 
I diagnosis of perforation.: If confirmed, the presence or absence of a naturally occurring 
I omentum is noted. If this is absent, they convert to open omentopexy procedure. If there is 
I
 a naturally occurring omentum and the perforation deemed to have sealed spontaneously 
i then it is left alone and treatment confined to peritoneal lavage with 2 - 3L of warm saline 
f through one of the cannulae as no merit is gained in disturbing an omental patch already in 
I. place95 97. The absence of leakage may be confirmed with intraoperative instillation of 
I methylene blue via a nasogastric tube97. Perforated peptic ulcers may also be closed 
I laparoscopically94. This can be done by suture closure of the ulcer provided the edges will 
I withstand passage of a needle or tightening of a knot^ , which technically can be very 
I difficult to achieve with the long laparoscopic instraments. An alternative is to suture an 
I omental patch onto the perforation. In 1990 Nathanson et al described laparoscopic 
I repair/peritoneal toilet for a patient with perforated duodenal ulcer .Subsequent ly , 
I Fletcher and Jones performed laparoscopic closure of a perforated duodenal ulcer in a 
I patient with cervical myopathy100. Other single case reports of satisfactory closure with an 
I omental patch repair of perforated duodenal ulcer have been described by Kavic and 
Oshima et al102. Laparoscopic treatment of perforated gastroduodenal ulcer has also been 
I described using the ligamentum teres1 3. The perforation can also be sealed off by the 
I application of an omental flap and fibrin sealant^,104. Mouret et al advocate treatment of 
I perforation either by insertion of a tube through the perforation or by closure of the hole by 
88 
J 
gluing adjacent omentum over the perforation using biological fibrin based tissue 
I adhesive93. 
Urbano et al have undertaken laparoscopy in six patients with 'perforated peptic 
I ulcer' who had a mean age of 57 years (range 31 - 81), acute symptoms having been 
I present for 6 - 48 h before admission105. In four patients only peritoneal drainage was 
I performed and the sites of perforation were not identified, in two patients with a6h history 
I of pain the perforation was identified and in one case sealed with omentum. However, it is 
I advisable that if the site of visceral perforation cannot be identified at laparoscopy then 
I laparotomy should be carried out to determine the cause of free gas or peritonitis106. In 
j addition, Walsh et al are of the opinion that if a perforated peptic ulcer has a gapping 
appearance at laparoscopy then an open procedure ought to be performed95. 
In 1992 Sigman et al also reported the laparoscopic patch closure of a perforated 
duodenal ulcer in a 40-year-old man107. Adequate irrigation and aspiration of leaked 
I intestinal contents is as important in laparoscopic surgery as in open surgery. These 
authors used a 32 Fr chest drain introduced through a 10 mm port; additional side holes 
I
 Were made in the tube that was clamped under a fluid pool prior to release for lavage 
I purposes. Local irrigation and aspiration at the perforation site was carried out with 
I peritoneal lavage undertaken after suture closure but before application of the patch as this 
I itself may create pockets that will be difficult to access. No peritoneal drain was considered 
I necessary^ 7. Surgeons in Singapore performed laparoscopic repair of perforated peptic 
I ulcer in seven patients with a mean age of 34 years (range 20 - 60) with moderate 
soiling108^109. Intracorporeal sutures were used to tie the omental patch or sutures were 
I dipped to close perforations 3 - 6 mm in size. The mean operating time was 80 min (range 
65 - 90 min) and no post-operative complications were documented. 
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Closure after a gastroduodenal perforation may be possible with a combined upper 
e^ndoscopic and laparoscopic approach94. Endoscopic biopsy forceps can be manoeuvred 
Ithrough the defect to grasp a segment of omentum and withdrawn to bring this into the 
gastrointestinal lumen to plug the perforation110. Perissat et al have described the use of 
I upper endoscopy with a dormia basket through a perforation into the peritoneal cavity to 
I the operational area of the laparoscopic team which places the selected omental plug in the 
I basket under vision. This permits the plug of omentum to be drawn into the 
I gastrointestinal lumen through the defect. Firm fixation of the plug can be reinforced by 
I the application of biological glue97'111. 
I our contributions to laparoscopic repair of perforated peptic ulcer will be presented 
J in Part IV of this thesis. 
I 3.2.2 Perforated Gastric Ulcer" 
I Perforated gastric ulcer may be benign or malignant30. Optimal treatment of 
I perforated gastric ulcer is distal gastric resection to include the antrum and the site of the 
I ulcer. An attempt should be made to determine the type of gastric ulcer as defined by 
I Johnson112. If it is type I and located on the lesser curvature of the stomach near to the 
I incisura, antrectomy to include the ulcer without vagotomy is appropriate management. If 
I it is type II and is associated with a duodenal ulcer or is lype III in the pyloric area, 
I vasotomy should be added to antrectomy with resection of the gastric ulcer^ . Perforated 
L juxtapyloric gastric ulcers and pyloric ulcers are pathologically similar to perforated 
I duodenal ulcers and are best treated as such^ . It is usually possible to reestablish 
I gastrointestinal continuity with a Billroth I gastroduodenostomy in patients who have a 
I perforated gastric ulcer. If simple repair is selected because of the patient's condition, a 
I full-thickness four quadrant biopsy of the ulcer should be done3o,44. Even if it fails to show 
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icarcinoma, follow-up studies by gastroscopy are essential because of the possibility of false 
•negative results. 
McGee and Sawyers reviewed 101 patients with perforated gastric ulcers^ 13. The 
I mortality rate was lower (15 percent) following primary gastric resection with or without a 
I vagotomy than the mortality rate with simple patch repair (29 percent). This difference 
I could not be explained by selection bias as risk factor prevalence was equally distributed 
I between the two treatment groups. Schein's data support primary gastric resection for 
I perforated gastric ulcer; with a mortality rate of 15 percent following gastrectomy 
I compared with 27.2 percent after simple closure114. However, Turner et al favour omental 
I closure for perforated gastric ulcer and reserve primary gastric resection for patients with 
I ulcers that are large or located in the pyloric region's. Jordan and Morrow strongly 
I advocate primary gastric resection as preferred management of a perforated gastric ulcer^ o. 
I Laparoscopic treatment of perforated gastric ulcer was first reported by Mouret et al 
I
 in 199093. They treated a patient with perforated gastric ulcer by converting the 
I perforation into a gastrostomy, and used fibrin sealant and an omental patch for another 
I patient^ ,94. Cadiere et al undertook laparoscopic treatment of perforated gastric ulcer in 
I 1992 in ten patients in whom the perforation was sutured :^ omentoplasty was undertaken 
I in five and supra-selective vagotomy in two patients. Methylene blue instillation via a 
I nasogastric tube was utilized to visualize the perforation site. One patient developed an 
abscess in the Pouch of Douglas which required drainage116. 
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IPARTIV DEVELOPMENT OF LAPAROSCOPIC 
I REPAIR OF PERFORATED PEPTIC 
I ULCER IN OUR CENTRE 
I "Medicine is not a production bursting suddenly from the genius of a man, 
but is the child of time. ” 
Giorgio Baglivi 
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IPART IV DEVELOPMENT OF LAPAROSCOPIC 
I REPAIR OF PERFORATED PEPTIC ULCER 
I IN OUR CENTRE 
% aDisease is very old, and nothing about it has changed. It is we who change, as we learn to 
I recognise what was formerly imperceptible.” 
Jean Martin Charcot 
... 
I CHAPTER 1 DEVELOPMENT OF THE TECHNIQUE OF LAPAROSCOPIC 
I • ^ SUTURE REPAIR OF PERFORATED PEPTIC ULGER 
1 Introduction 
In 1990, after we had acquired our laparoscopic skills by practising on simulators, 
I pigs and had enough experience with laparoscopic cholecystectomy in man, we decided to 
I apply our laparoscopic skills to other surgical conditions. We developed and practised on a 
I series of exercises in perfecting our laparoscopic skills using the simulator in dissection, 
I suturing and knot tying in order to attempt laparoscopic suture repair of perforated peptic 
I
 uiCer in man. We determined the positions of the laparoscopic ports and practised using 
I the port positions in creating and suturing a perforation in the pig stomach. Our first 
I clinical laparoscopic suture repair of perforated duodenal ulcer was carried out in 
March 19 1991. 
I over a period of 3 months, 6 patients had repair of their perforated duodenal ulcers 
I by laparoscopic sutures using the technique which we developed. We reported this 
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technique of laparoscopic sutured omental patch repair of perforated duodenal ulcer m the 
"Surgical Workshop" of the British Journal of Surgery in 19921. 
|l.l Surgical Technique 
After diagnosis of perforated peptic ulcer a nasogastric tube and a urinary 
catheter (Vygon Cirenchester, UK) are inserted. Antibiotics and intravenous 
histamine receptor antagonists are administered with the premedication. In the 
operating theatre the patient is prepared as for an open procedure. Through an 
umbilical stab incision pneumoperitoneum is established with a Veress needle 
I followed by introduction of the laparoscope through an 11-mm cannula. 
I Laparoscopy is performed in the reversed Trendelenberg position. Another 11 -mm 
I cannula is established under laparoscopic control in the midline at the epigastrium 
I just distal to the xiphisternum. Two further 5-mm cannulae are inserted in the 
right hypochrondrium, in the mid-clavicular and anterior axillary lines. 
After irrigation with warm saline the perforation is identified and the 
I laparoscope then moved to the upper fl-mm cannula to obtain a more direct view 
I of the perforation. The operator can then use the lower 11-mm and lateral 5-mm 
I cannulae for suturing or retraction, leaving the remaining 5-mm cannula for 
I insertion of suiures. An Endosuture (Endoknot, Ethicon, Worderstedt, Germany) is 
I loaded into a 5-mm reducing sheath and introduced, needle first, into the peritoneal 
( cavity, through the medial 5-mm cannula. A needle holder (5 mm Karl Storz, 
I culver City, California, USA) introduced through the 11-mm cannula is used to 
I grasp the needle. With the assistance of a grasping forceps held in the left hand the 
I needle is passed through normal duodenal wall a small distance removed from the 
I edge of the perforation. This allows the needle to pass easily with no risk of tearing 
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the ulcer edge and extending the perforation. A patch of omentum is mobilised and 
brought up over the perforation with left hand. A further pass with the needle 
through the omentum approximates the patch to the ulcer. A 3-mm needle holder 
is then passed down the suture-bearing cannula and the needle withdrawn. An 
extracorporeal Roeder knot2 is tied in the suture and pushed down to fix the patch 
over the perforation. Additional sutures can be passed as required to surround the 
perforation. It is sometimes necessary to pull the duodenum down to expose the 
ulcer where there is an overhanging liver edge. Alternatively, elevation of the liver 
edge may be requited. In this situation a fifth cannula at the level of the umbilicus 
in the right mid-clavicular line may be useful to allow the assistant to maintain 
retraction. 
When the perforation has been closed, peritoneal lavage is performed with 2 
-3 litres warm saline for 15 - 30 min to ensure complete removal of contaminants. 
Special attention is paid to the suprahepatic and subhepatic spaces the left 
subdiaphragmatic space and the pelvic cavity. The bowel loops are agitated in 
saline using the irrigation instrument or by gently shaking the patient. After lavage 
the fluid is aspirated and the cannulae withdrawn. Wounds are closed with 
polydioxanone (PDS, Ethicon) where required and with Steri-strips (Ethicon). 
Results 
The technique was used in four men and two women aged from 36 to 61 
(mean 45) years. The perforation developed a mean of 9.3 h before the operation. 
At laparoscopy all patients were found to have perforated duodenal ulcers. 
The operation took a mean time of 108 (range 85 - 160) min. The mean number of 
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opiate injections after surgery was 3.7 (range 1-7). Water-soluble contrast meals 
were given to all patients within 2 days after operation. No leakage was 
demonstrated and no post-operative complications occurred. The mean hospital 
stay was 6.5 (range 5 - 10) days. 
Discussion 
The laparoscopic patch repair described offers an alternative to open surgery 
and avoids the risks of conservative management. The technique allows an omental 
patch to be securely sutured under laparoscopic vision. The surgeon can therefore 
perform the same operation as in open surgery, including lavage of the 
contaminated peritoneal cavity, but without a large abdominal incision. This may 
lead to reduced wound pain and shorter convalescence. The operation took 108 
min slightly longer than open patch repair. With increasing experience and 
practice with laparoscopic suturing techniques, the operation time may decrease. 
The operation needs to be performed by surgeons familiar with laparoscopic 
techniques and is an alternative method for the treatment of perforated peptic ulcer. 
1.2 Initial Results of Laparoscopic Suture 
Aim 
Once the pilot study had established the technique of laparoscopic suture 
I repair of perforated peptic ulcer, we decided to prospectively evaluate its efficacy. 
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Methods •.i. 
Eighteen consecutive patients diagnosed and treated for perforated duodenal 
and juxtapyloric ulcers with laparoscopic sutured omental patch repair were 
prospectively evaluated. Contraindications to this repair method were previous 
upper abdominal surgery, perforated gastric ulcer, complicated peptic ulcers which 
required definitive ulcer surgery, bleeding and perforated ulcer, pregnancy and 
patient refusal of the procedure. Premedication was prescribed at the discretion of 
the duty anaesthetist. Intravenous antibiotics consisted of cefuroxime 750 mg and 
metronidazole 500 mg at induction of anaesthesia. We continued the antibiotics 
every 8 hourly for 5 days, or until the fever settled for more than one day, 
whichever wa^  longer. Operations were carried out under general anaesthesia with 
the patient supine. A nasogastric tube and an intravenous drip were routinely 
employed. Operation time was defined as that from induction of anaesthesia to 
administration of the reversal agent. Post-operative analgesic was given to the 
patient only on request by the patient. 
Results 
The median operation tim^  was 95 minutes (range 50 to 110 minutes). 
Three patients required conversion to open surgery because of technical difficulty in 
suturing big perforations. Two patients underwent vagotomy and pyloroplasty 
I
 While the other one had simple repair. The median analgesic dose required for the 
I is patients was 3 (range 1 - 9) and the median length of hospital stay was 5 days 
(range 4 . 10 days). One patient developed intraperitoneal abscess which required 
I percutaneous drainage under ultrasound guidance. Water soluble contrast meal 
performed within 48 hours of the repair showed no leakage. All patients received 
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histamine2 receptor antagonists and routine endoscopy at the end of 6 weeks 
revealed all ulcers had healed. ,
 v, e ” , u 
Discussion 
The initial results of this study showed that laparoscopic sutured omental 
patch repair was promising. It has the potential advantages of minimally invasive 
surgery. However, the procedure is technically demanding and time-consuming. 
The data on our initial results of laparoscopic suture repair have been reported in a 
monograph3 and at an international meeting4. 
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|:HAFTER2 DEVELOPMENT OF THE TECHNIQUE OF LAPAROSCOPIC 
I SUTURELESS REPAIR OF PERFORATED PEPTIC ULCER 
Vel think your solution is just, but why think? Why not try the experiment?" 
John Hunter 
I Introduction 
Perforated peptic ulcer is a condition for wh|ch laparoscopic approach has 
I attractions. Not only is the site and pathology of perforation identified, the procedure also 
I allows closure of the perforation and adequate peritoneal toilet using the minimally 
I invasive surgery. 
Laparoscopic suture repair is technically demanding and time consuming and it 
requires a surgeon experienced in laparoscopic procedure to perform. It is difficult to 
I popularize the operation as perforated peptic ulcers are still managed in the first instance 
I by less-experienced surgeons using simple procedures (such as open patch repair) in many 
centres5-7. 
2.1 Animal Studies 
“The investigator reported that one-third of the rats were improved on the experimental 
medication, one^third remained the same and the other third couldn't be reported on 
because that ratgot away. ” 
Edwin Bidwell Wilson 
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|A] Pilot Animal Study 
Aim 
The aim of this study was to create an animal model with gastroduodenal 
perforation which could be used for subsequent studies to investigate the effects of 
the different methods of repair of the perforation. 
. 
Methods 
Ten Sprague-Dawley rats were put under pentobarbitone anaesthesia at a 
dosage of 40 mg/kg intraperitoneally. Laparotomy was performed and a full-
thickness perforation was made in the distal antrum by a 2 mm skin biopsy punch. 
I Bleeding from the edges of the perforation was stopped by the use of diathermy. 
The abdominal wall was then closed with absorbable Dexon stitches (Polyglycolic 
I Acid Suture, Davis & Geek, Hampshire, UK). Rats which survived were killed on 
Day 5. 
The experiment was repeated with groups of ten rats by using a 4 mm skin 
biopsy punch and by using a 6 mm skin biopsy punch. 
I . . 
Results 
i 
I • j - All rats which had 2 mm perforation survived, while 7/10 and 2/10 rats 
I / 
with 4 mm and 6 mm perforations respectively survived up to Day 5. I I I 
I 
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Rats which survived and were killed on Day 5 showed spontaneous seal-off 
of the perforations. Although signs of local peritonitis were present in all these 
animals there was little evidence of general peritonitis. Rats which died before Day 
5 had evidence of severe and spreading generalised peritonitis and their causes of 
death were all attributed to general peritonitis and sepsis at post-mortem 
examinations carried out within 12 hours of death. 
Discussion 
Because small perforations made in the gastric antrum became sealed off and 
the rats survived, the best model for our studies was the 6-mm perforation model 
which had an 80% mortality. 
I [B] Mortality Rate on Different Methods of Repair of the Perforations 
Aim 
To study the mortality rates of rats with a standard 6 mm gastric perforation 
treated with different types of repair of the perforations. 
Methods 
I One hundred Sprague-Dawley rats were put under pentobarbitone 
I anaesthesia at a dosage of 40 mg/kg intraperitoneally. A full-thickness perforation 
I was made in the distal antrum by a 6 mm skin biopsy punch. Bleeding from the 
edges of the perforation was stopped by the use of diathermy. The rats were then 
randomly assigned into one of the five treatment groups:-
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Group 1 : no treatment. 
Group 2 : sutured omental repair. A wad of omentum was drawn under an 
arch of full -thickness absorbable catgut sutures placed on either side 
of the perforation and the sutures were then tied. 
Group 3 : 0.3 ml fibrin glue for sealing perforation. A prewarmed volume of 
two-component fibrin sealant (Tisseel; Immuno Vienna, Austria) was 
slowly injected via a double-lumen catheter onto the perforation to 
form a fibrin plug to seal off the perforation. 
Group 4 : gelatin sponge plug in perforation plus fibrin glue. A piece of gelatin 
sponge (Spongostan; Ferrosan, Soeborg, Denmark) 20 x 15 x 10 mm 
thick sheet was rolled into a cone. The plug was placed into the 
perforation so that the base of the cone protruded onto the serosal 
surface. A prewarmed 0.3 ml volume of two-component fibrin 
sealant (Tisseel; Immuno; Vienna, Austria) was slowly injected via a 
double-lumen catheter around the plug to secure it. 
Group 5 : 0.3 ml cyanoacrylate (Histoacryl). Cyanoacrylate was slowly injected 
to form a plug to seal off the perforation. 
All rats which died before Day 5 had a post-mortem examination as soon as 
possible to determine the cause of death. Rats which survived were killed on Day 5 
to determine the presence/absence of local or general peritonitis. 
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Results 
The results are summarised in table 4.2.1. 
Table 4.2.1 Results of Mortality Rate Study in Rat Experiment 
~ Local/General Death before 
Treatment Group peritonitis 
I 1. Control Group 20/20 16/20 
2‘ Sutured Omental Patch 11/20 0/20 
3. 0.3 ml fibrin glue 0/20 0/20 
4. Gelatin sponge plug + 0.3 ml fibrin glue 0/20 0/20 
5. 0.3 ml Cyanoacrylate glue 20/20 8/20 
Discussion 
Group 1 rats served as the control group and 16/20 died before Day 5 and 
all animals had evidence of local/general peritonitis at post-mortem examinations. 
This confirmed the 80% mortality in the pilot study when no treatment was given. 
The mortality rate for Group 5 (cyanoacrylate glue) was unexpectedly high. 
At post-mortem examinations, the cyanoacrylate glue plugs fell off from the 
repaired sites in all the rats which died before Day 5, resulting in general peritonitis 
and death. For the rats which survived, they all showed signs of local peritonitis. 
This method of repair is therefore not acceptable for application in man. 
It is evident that fibrin glue (Group 3), or fibrin glue plus gelatin sponge 
plug (Group 4), was as good as the sutured omental patch repair group (Group 2) 
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in terms of survival of the rats (100% survival in all these three groups). Either one 
of them was better than sutured omental patch repair in having less rats with 
evidences of local/general peritonitis on Day 5 after the repair. This suggests that 
fibrin glue was more effective in preventing small leakage or continuing soiling 
than suture repair. 
I [C Strength of the Repair Site by Studying the Bursting Pressure 
Aim : 
This study aimed to quantify the amount of bursting pressure that was 
required to open up the repair site in rats which survived up to Day 5 and to Day 10 
of the repair. 
Methods 
Rats which survived the previous experiment were killed on Day 5. The 
stomach and the duodenum down to tke second part were dissected out. The distal 
duodenum in the specimen was ligated with a strong thread tie. The proximal 
stomach was tied to a cylinder made from a syringe and the mouth of the syringe 
was connected to a manometer. The specimen was placed in a water bath and air 
was inflated into the stomach until the repair site of the perforation burst (figure 7). 
Air bubbles escaped when the repair site burst and the pressure required to force 
open the repair site as registered on the manometer was taken as the bursting 
pressure. 
The experiment was repeated with another group of 100 Sprague-Dawley 






































































































The total number of measurements made on Day 5 on the 5 groups of rats 
I were : Group 1 (N = 4); Group 2 (N = 20); Group 3 (N = 20); Group 4 (N = 20) 
and Group 5 (N = 12). The total number of measurement made on Day 10 were 
I Group 1 (N = 5); Group 2 (N = 20); Group 3 (N = 20); Group 4 (N = 20); Group 5 
(N = 10). The bursting pressures for the 5 groups of rats are shown in figure 12. 
The hydrostatic pressure required to force open the repair sites for groups 1 and 5 
were exceedingly low both on Day 5 and Day 10 indicating that the repair sites 
I were not yet healed. Gelatin sponge and fibrin glue (Group 4) was significantly 
stronger (Student's t test, p < 0.001) than all other methods, sustaining twice the 
bursting pressure of sutured omental patch repair on Day 10(157 mm Hg 38 mm 
Hg vs 64 mm Hg 21 mm Hg, mean s.d.) (figure 8). 
. 
Discussion 
The pressure required to force open the repair sites in the perforations of the 
stomachs in rats which survived up ta Day 5 and Day 10 after repair showed -
gelatin sponge and fibrin glue method was the best. This sutureless repair method 







































































































































[D] Detailed Histological Study in Sutured Omental Patch and Sutureless Repair of 
Perforated Ulcers. 
Aim 
The aim of this study was to histologically evaluate the sutureless repair so 
far developed using gelatin sponge plug and fibrin glue and to compare it with a 
group of rats receiving conventional sutured omental patch. 
Methods 
Thirty-six Sprague-Dawley rats, each with a standard 6 mm perforation 
made in the antrum of the stomach, were randomly assigned to have the perforation 
repaired using either gelatin sponge plug + fibrin glue (sutureless repair), or 
conventional sutured omental flap (suture repair). Three rats in each group were 
killed on days 1 2, 5 8 14 and 21 after repair. Using a rating scale of -3 to +3 
two independent pathologists rated each repair for the presence of a histological seal 
of perforation, reformation of serosal surface, inflammation of serosa, inflammation 
of ulcer base and re-epithelialization of ulcer bed. Negative scores were assigned 
for adverse findings such as no microscopic seal and inflammation. Positive scores 
were assigned for signs of healing : fibroblast infiltration, collagen deposition and 
re-epithelialization. 
— — ^ ― — 
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Results 
The histological scores for healing of repaired perforations using gelatin 
sponge plug + fibrin glue (sutureless repair) as compared with conventional 
sutured omental patch are shown in figure 9. Regardless of which pathologist's 
ratings were used, rats repaired with the sutureless method scored consistently 
better than rats repaired with sutured omental flap. The difference between the two 
methods of repair based on the mean histological ratings of the two pathologists is 
significant on all p6st-operative days assessed except on Day 5 (p < 0.05, Mann-
Whitney U Test). 
Discussion 
There are very few animal studies that have been carried out on closure of 
gastroduodenal perforation. Branicki and Nathanson8 quoted an experimental 
study of closure of duodenal perforation in pigs carried out by Shimi et al. 
However, this study has not yet been published and it is still waiting for publication 
in the British Journal of Surgery at the time of writing this thesis9. According to 
Branicki and Nathanson, this study showed that suturing techniques were found to 
be superior to glue sealant methods as the latter resulted in enhanced fibrosis of the 
involved duodenum. Reed, in his editorial comment, has also advocated suture 
I closure of perforation to be preferable to the use of fibrin Our sutureless 
I;
 giue repair method, however, is different from the method commented on by Reed. 
Instead of using fibrin glue alone, we place a gelatin sponge plug in the perforation 
before we seal off the hole with fibrin glue. 
histological 'score' 
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The results of our animal studies showed that the sutureless repair with 
gelatin sponge plug + fibrin glue is superior to conventional sutured omental patch. 
While the results are surprising, they can be explained by the fact that gelatin 
sponge plug + fibrin glue can provide a microscopic seal to the perforation 
immediately after repair. For conventional sutured omental patch repair, the 
microscopic seal occurred later, only after fibrin deposition onto the wound has 
taken place as a natural process of healins (figure 10). Furthermore, fibrin 
deposition is the first step in wound healing and its use in the sutureless repair may 
have speeded up tile healing process. The difference in the results in the animal 
experiments between our study and that of Shimi et al9 can be explained by the use 
of different methods of sutureless repair and the use of different animal models in 
the studies. 
f 2.2 Clinical Studies 
“In science, the thing is to modify and change one's ideas as science advances. ” 
Claude Bernard 
Introduction 
Given the excellent results of our animal studies, we decided to use laparoscopic 
I sutureless repair in man. The first such operation was carried out on February 6, 1992. 
The operation took 50 minutes to complete and the patient recovered uneventfully after the 
procedure. Water soluble meal carried out 2 days after the repair revealed no leakage of 
I the contrast and the patient required only one dose of analgesic after the procedure. 
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sutured omental patch 
I ^ l e a k a g e through patch repair 
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 FigUre 10. Diagram of suture versus sutureless repair 
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After the success of the initial 4 cases of such repair, the technique was written up, 
submitted and published under "Surgical Workshop" in the British Journal of Surgery 
entitled “Sutureless laparoscopic treatment of perforated duodenal ulcer”11. 
[A] Surgical technique of Laparoscopic Sutureless Repair11 
Pneumoperitoneum is established and the laparoscope is inserted via an 
umbilical incision. An 11 mm cannula is positioned in the epigastrium and a 5 mm 
cannula in the right oipper quadrant. The perforation is usually in the anterior wall 
of the first part of the duodenum. If there is difficulty in identifying it, moving the 
laparoscope to the epigastric port gives a good view of this area. Inserting the tips 
of a forceps into the perforation confirms its location. 
A piece of gelatin sponge (Spongostan; Ferrosan, Soeborg, Denmark) 
approximately 20 x 15 mm is cut from a 10 mm thick sheet and rolled into a 
cylinder with one end compressed to produce a cone. This plug is grasped with a 
forceps and back-loaded into a 10 mm reducing sheath for insertion into the 
abdominal cavity. The plug is placed into the perforation of the ulcer so that the 
base of the cone protrudes from the serosal surface. A 2 ml volume of two-
I component fibrin sealant (Tisseel; Immuno Vienna, Austria) is slowly injected via a 
I double-lumen catheter around the plug to secure it. Prewarming the sealant 
I facilitates rapid reaction. A fold of omentum may be laid over the plug but this is 
I not fixed in place. Peritoneal lavage is performed with 2 litres warm saline before 
completion of the operation. 
Nasogastric drainage is maintained for 1 - 2 days after operation. A soluble 
contrast meal is performed to confirm no leakage from the repair site before 
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reintroduction of diet. A course of intravenous antibiotics and histamine2 receptor 
antagonist is prescribed. 
I [B] Initial Results of Laparoscopic Sutureless Repair 
Aim 
The aim of this study was to review the initial results of laparoscopic 
sutureless repair iit the treatment of perforated duodenal and juxtapyloric ulcers. 
Methods 
Nineteen consecutive patients diagnosed and treated for perforated duodenal 
or juxtapyloric ulcers with laparoscopic sutureless repair were prospectively 
evaluated. Contraindications to this repair method were previous upper abdominal 
surgery, perforated gastric ulcer, complicated peptic ulcers which required 
definitive ulcer surgery, bleeding and perforated ulcer, pregnancy and patient 
refusal of the procedure. Premedication was prescribed at the discretion of the duty 
I anaesthetist. Intravenous antibiotics consisted of cefuroxime 750 mg and 
I metronidazole 500 mg were given at induction of anaesthesia. We continued the 
I antibiotics every 8 hourly for 5 days, ,or until the fever settled for more than one 
I day, whichever was longer. Operations were carried out under general anaesthesia 
I
 With the patient supine. A nasogastric tube and an intravenous drip were routinely 
I employed. Operation time was defined as that from induction of anaesthesia to 
I administration of the reversal agent. Post-operative analgesic was given to the 
patient only on request by the patient. 
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Results 
Of the nineteen patients, one patient required conversion to open surgery 
and vagotomy and pyloroplasty was performed for a huge duodenal ulcer. All 
others had their ulcers successfully repaired by the use of gelatin sponge plug and 
fibrin glue. The efficacy of repair was demonstrated by water soluble contrast meal 
within 48 hours of repair. There was one minor wound infection (5%); in addition 
one perioperative mortality occurred in a very high risk patient (5%). The median 
operative time w s 45 minutes (range 45 - 80 minutes). The median dose of 
analgesic required was I (range 0 - 7) and the median length of hospital stay was 5 
days (range 4 - 9 days). All patients received histaminez receptor antagonists 
therapy. Endoscopy at 6 weeks after operation demonstrated that all ulcers had 
healed. 
Discussion 
I Laparoscopic treatment of a perforated duodenal ulcer avoids the need for a 
I iarge incision without preventing adequate peritoneal toilet. Post-operative 
.:: .... 
I morbidity rates are likely to be reduced. A sutured omental patch is effective, but 
I laparoscopic suturing is technically difficult both in the accurate placement of 
I
 sutures and knot tying. The procedure takes longer than open operation and needs 
I to be performed by a surgeon experienced in laparoscopic procedure. 
I ^ gelatin sponge plug technique offers a quick, simple and secure method 
I for laparoscopic treatment of perforated duodenal ulcer. Potentially, it is of value 
I
 and can be performed readily by surgeons with basic training in laparoscopic 
I





the plug can be tailored to suit individual cases; a relative large ulcer is not a 
contraindication. 
Mk 
The cost of the small volume of fibrin sealant is reasonable. Special 
• 
endoscopic double-lumen catheters may be obtained from the manufacturer, or a 
central venous catheter can be employed after cutting off the tip. Rarely, there may 
be allergic reaction to the fibrin sealant. Our initial results have shown this new 
procedure to be safe, quick and technically straight-forward: and is well suited to 
the laparoscopic environment. The data of our animal experiments and our initial 
experience on laparoscopic sutureless repair have been presented in local and 
international meetings12"14 and in a monograph3, 
Bp 
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I PART V TESTING THE HYPOTHESES OF 
j THIS THESIS 
•. 
Hp-., 
I V^b experiment is ever a complete failure. It can always be used as a bad 
example•” 
Carson's Consolation 
I PART V TESTING THE HYPOTHESES OF THIS 
1 THESIS 
I “Science knows only one commandment - contribute to science. ” 
Bertolt Brecht 
I Introduction 
This thesis aims to test the following hypotheses :-
[ (i) laparoscopic repair of perforated peptic ulcer is better than conventional open 
repair; and 
(2) laparoscopic suture repair of perforated peptic ulcer can be improved by a different 
laparoscopic technique of repair. 
Our animal studies and preliminary clinical data have shown that:-
I (i) laparoscopic sutured omental patch repair is technically feasible and safe in the 
clinical setting and the preliminary data pointed to its potential benefits to patients 
I
 in terms of lesser post-operative pain, but at the expense of a longer operative time; 
I (2) laparoscopic repair in the form of gelatin sponge plug and fibrin glue was shown to 
be safe, quick and technically straight-forward, and was well suited to the 
laparoscopic environment. 
r ,i9 
Whether such encouraging preliminary data could be supported by results of larger 
fficlinical studies was the basis for our studies using first non-randomised and then 
. . . 
IIrandomised clinical studies. 
I 
4 r rk „ , , ^
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I CHAPTER 1 A NON-RANDOMISED CLINICAL STUDY 
IS: 
I 
A non-randomised study to compare open sutured omental flap repair, laparoscopic 
I omental flap repair and laparoscopic sutureless repair, 
I 
I Aim 
I The study aimed to compare the efficacy, safety, cost effectiveness and patient 
comfort after open sutured omental flap repair laparoscopic sutured omental flap repair 
K 
and laparoscopic sutureless repair with gelatin sponge plug plus fibrin glue. 
_ Patients and Methods 
A total of 100 consecutive patients diagnosed and treated for perforated duodenal 
I and juxtapyloric ulcers were evaluated prospectively. The data were recorded on a 
• specially designed pro forma and entered into a computer. 
I patients were treated with one of three methods : Group 1: laparotomy and sutured 
• omental flap repair (open suture repair); Group 2 : laparoscopic sutured omental patch 
I repair (laparoscopic suture repair); Group 3 : laparoscopic repair with gelatin sponge plug 
I
 and fibrin glue (laparoscopic sutureless repair). There were no specified criteria for 
I selecting patients for laparotomy or laparoscopic procedures. The type of operation was 
I determined by the availability of laparoscopic facilities and of surgical staff trained in 
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laparoscopic procedures which happened randomly at any time of the day. This system of 
e^lection of the treatment method is unlikely to lead to bias in the patient groups. Absence 
Kof free gas under the diaphragm did not exclude patients from a laparoscopic procedure. 
•In patients with a clinical suspicion of perforated peptic ulcer, diagnostic laparoscopy was 
Bused followed by a laparoscopy treatment procedure when laparoscopic facilities and 
I experienced staff were available. No patient had diagnostic laparoscopy followed by 
I laparotomy and open repair. Patients with negative laparoscopy, perforated gastric ulcer 
I or gastric cancer found at laparoscopy were excluded from this study. The initial few 
I patients in whom the technique of laparoscopic suture patch1 and laparoscopic sutureless 
_ repair2 were developed were included in this analysis. 
Premedication was prescribed at the discretion of the duty anaesthetist. Intravenous 
I antibiotics consisted of cefuroxime 750 mg and metronidazole 500 mg at induction of 
I anaesthesia; where possible, these drugs were continued every 8 h for 5 days or until the 
(fever had settled for more than 1 day. Operations were performed under general 
I anaesthesia with the patient supine. A nasogastric tube and intravenous drip were 
routinely employed. Operation time was assessed from induction of anaesthesia to 
administration of the reversing agent. 
_ 
Operation Techniques 
I Group 1 : Laparotomy and patch repair. This technique is well described in standard 
I textbooks3-5. Through an upper midline incision a wad of omentum was drawn under an 
I
 arch of full-thickness absorbable sutures placed on either side of the perforation and the 
I omentum was fixed in position by tying the knots of the sutures. Peritoneal toilet was used. 
121 
I Group 2 and 3 : The techniques have been described in detail in the previous parts of this 
(thesis (pages 93 - 94 for laparoscopic suture repair and pages 113 to 114 for laparoscopic 
I sutureless repair). 
… . . . • 
' a 
1" Post-operative Management 
Post-operative management consisted of the administration of histaminez receptor 
j antagonists, nasogastric aspiration and intravenous fluid. Intramuscular pethidine was 
[given only when necessaiy. Patients were discharged home when physically fit. All had a 
1 water soluble contrast meal within 48 h of repair of the perforation. 
Statistical Analysis 
Student's t test, Fisher's exact test the Chi Square test and the Mann-Whitney U test 
were used where appropriate. P < 0.05 was considered significant. 
Results 
Demographic data from the three groups of patients are shown in Table 5.1.1. 
I There were no significant difference between the three groups. Six of 35 patients in group 
I 2 required conversion to open surgery because of technical problems in the placement of 
I stitches or in lying knots (three patients) and large duodenal ulcers making laparoscopic 
I suture repair unsafe (three; all had vagotomy and pyloroplasty). One of 21 patients in 
I
 group 3 underwent conversion to open surgery because of haemodynamic instability about 
I 5
 min after the laparoscopic procedure had started. There was no difference between the 
I rates of conversion in these two groups (p = 0.18 Fisher's exact test). 
H| . 
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able 5.1.1 Demographic data of 100 consecutive patients with perforated ulcer 
W Group 1 Group 2 Group 3 
Open Suture Laparoscopic Laparoscopic 
Suture Sutureless 
m — 
I No. of patients 44 35 21 
ISex ratio (M: F) 37 :7 31 :4 20:1 
|Mean (s.d.) age (years) 46.0 (15.0) 46.0 (14.4) 44.2 (15.7) 
I Site of Ulcer 
Duodenal 32 33 18 
Juxtapyloric 12 2 3 
I (s.d.) size of perforation (mm) 4.2 (2.1) 't 6.6 (3.8) 5.5 (3.9) 
The Acute Physiology And Chronic Health Evaluation II Score6 was similar in the 
I three groups, as were other known operative risk factors7 8 such as shock on admission, 
f delayed presentation and associated underlying medical illness. More patients were 
fc,:. 
J operated on by consultants with the laparoscopic approach than open surgery = 33.4, 2 
d.f” p < 0.01) (Table 5.1.2). 
Table 5.1.2 Risk stratification in patients and experience of operating surgeons 
W — Group 1 Group 2 Group 3 ~ 
Open Suture Laparoscopic Laparoscopic 
Suture Sutureless 
(n 44) (n = 35) (n = 21) 
I Risk factor … …
 /n - -v 
6(3-14) 6(2-12) 5 (2- 15) 
APACHE II Score*
 n a 
• 2 3 3 
Shock on admission ^ ^ 
1 2 0 
Presentation delay > 24h 4 ^
 0 
Underlying medical illness 
Experience of Surgeon 
Registrar 30 3 4 
ft Consultant ^ 17 
I * Value are median (range).
 T ^ t “ 
APACHE = Acute Physiology arid Chronic Health Evaluation. 
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Three patients died (Table 5.1.3). A 70-year-old woman with known carcinoma of I I 
I lung with multiple metastases died from respiratory failure and atrial fibrillation 1 day 
... 
after open repair. A 51-year-old man with mental illness was admitted in septicaemic 
S shock and died 14 h after open repair. A 80-year-old woman developed fast atrial 
I fibrillation and heart failure, and died 1 day after laparoscopic sutureless repair. 
I 
I Table 5.1.3 Complications and deaths 
^ Group 1 Group 2 Group 3 “ 
Open Suture laparoscopic Laparoscopic 
Suture Sutureless 
I' (n 44) (n 35) (n 21) 
Complication 
Leakage of repair 0 1 1 
Intra-abdominal abscess 1 3 0 
Prolonged ileus (> days) Z 2 1 
Gastrointestinal bleeding 0 0 I 
Pleural effusion 2 1 0 
Burst abdomen 1 0 0 
Wound infection 3 1 0 
Urinary tract infection 2 0 0 
Conversion to open operation 0 6 1 
No. of deaths 2 0 1 
Table 5.1.4 shows the post-operative analgesic requirement, operating time and 
I duration of hospital stay for the three groups. Patients with laparoscopic suture repair 
I (group 2) required significantly more analgesic doses than those who underwent 
I laparoscopic sutureless repair (group 3) (p < 0.05) although there was no difference 
between the requirements in groups 1 and 2. 
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. . 
The operating time was significantly shorter for open than for laparoscopic repair 
•mainly because laparoscopic suture repair (group 2) took significantly longer to perform 
• then open repair (group 1) or laparoscopic sutureless repair (group 3). There was no 
IE difference between the three groups in the length of hospital stay. 
i Table 5.1.4 Analgesic requirement, operating time and hospital stay 
I 
_
 : . … , —~ Group 1 Group 2 Group 3 ~Groups 2 & 3 
Open Suture Laparoscopic Laparoscopic 
Suture Sutureless 
f Analgesic 
No. of patients* 42 35 20 55 
I Median (range) 4 (0 - 27)* 3 (0 - 19)t 1(0- 9) 2(0-19) 
no. of doses 
Operating time (min)f 
No. of patients 44 35 21 56 
I Mean (s.d.) 52.1 (19.1)§ 101.3 (34.1)§ 61.1 (17.0) 86.0 (34.7) 
Hospital Stay (days) 
No. of patients* 42 35 20 55 
I Median (range) 5(2-23) 5(3-20) 5 (3- 11) 5(3-20) 
* Exclude patients who died. „
 r ^ ^ u u a 
I f Calculated as the combined length of laparoscopic and open procedures for patients who had 
conversion to open surgery. ; 
I t
 P< 0.05 (group 1 versus group 3 and groups 2 & 3 group 2 versus group 3 Mann-Whitney U 
test) 
§ P< 0.001 (group 1 versus group 2 and groups 2 and 3, group 2 versus group 3 Student s t 
test). P > 0.05 (group 1 versus group 3), 
. 
k f a ' ; 
BBK — ^ ― ^ ― ^ ― ^ ― ^ ― — — ^ ― — — 
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I Discussion r^ ; - 5;r' 
Perforated peptic ulcer is a condition where laparoscopic treatment may have 
I advantages. Not only is the site and pathology of perforation identified, the procedure 
m allows closure of the perforation and adequate peritoneal toilet without using a large 
I incision. This study showed no difference in mortality and morbidity rates or length of 
I hospital stay between open and laparoscopic methods, but the amount of analgesic required 
I was less with laparoscopic procedures. The results suggest that laparoscopic sutureless 
:repair is less painful than laparoscopic suture repair; this may be explained by the amount 
I of manipulation of the needle-holder that is required in placing stitches and tying knots, 
_ 
thereby causing more tissue trauma around the cannula site through which the needle -
holder passes. 
1 
Laparoscopic sutureless repair has the additional advantage over laparoscopic 
suture repair in being technically easier so that the operation is quicker. The regimen of 
giving intravenous antibiotics for 5 days or until the fever settled may have influenced the 
duration of hospital stay in these patients. It is, therefore, not surprising that the median 
hospital stay for the three groups of patients was the same. Many of the patients who had 
I laparoscopic repair could have been discharged home earlier if they had not had to 
I complete the full course of antibiotics. It is possible that the antibiotic therapy of shorter 
I duration^  might lead to a significant reduction in the length of hospital stay for patients 
undergoing laparoscopic procedures for perforated peptic ulcer. 
I The data of this study have been presented at the 10th World Congress of 
I Gastroenterology, October 2-7,1994, Ix>s Angeles, USA^  and is accepted for publication in 
the British Journal of Surgery11 
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IKHArrER 2 A RANDOMISED CLINICAL STUDY 
H^e man of science has learned to believe in justification, not by faith, but by verification.“ 
Huxley 
A randomised study comparing laparoscopic and open repair of perforated peptic 
I ulcer using suture or sutureless technique, 
The aim of this study was to use a prospective randomised study to compare (1) 
I laparoscopic versus open repair, and (2) suture versus sutureless repair of perforated 
I peptic ulcer. 
I Introduction 
Improvements in video cameras and instrument technology have been central to the 
• development of laparoscopic surgery. Perforated peptic ulcer is a condition for which 
laparoscopic approach has attractions. Not only is the site and pathology of perforation 
I identified, the procedure also allows closure of the perforation and adequate peritoneal 
toilet without a large incision. However, whether such theoretical advantages can be 
reflected in better patient outcome in clinical practice can only be determined by a 
randomised study. Up to present, there is no randomised study that has been reported to 
compare laparoscopic with open surgery in perforated peptic ulcer, although a wish to 
conduct such a trial has been expressed by my group11 and by a group from Singapore12. 
_ 
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Our previous non-randomised study of one hundred consecutive patients with 
•perforated peptic ulcer mentioned in the previous section has shown that the results of 
Raparoscopic sutureless repair are promising. However, such a study can easily be criticised 
because it is difficult to ensure the absence of selection bias in the non-randomised study in 
Kelecting the type of procedure performed. Such a bias can only be overcome by a 
I randomised study. Also, as laparoscopic repair of perforated peptic ulcer can be done by 
|the suture1’11 13’14 or the sutureless technique2 11’15 16 this study also undertakes to compare 
Ithe efficacy and safety of the two techniques. 
I Patients and Methods 
From August 1992 to December 1994, all patients admitted to the surgical ward of 
H Prince of Wales Hospital, Hong Kong, with a clinical diagnosis of perforated peptic ulcer 
I were recruited into the study. The absence of free gas under the diaphragm on plain 
I radiography did not exclude patients from this study. The following exclusion criteria were 
I used : (1) complicated ulcers which required definitive ulcer surgery; (2) associated 
t bleeding ulcers; (3) unsuitability for laparoscopic procedures like previous operations; (4) 
I serious associated cardiopulmonary diseases which precluded a long operation; (5) no 
I consent from patient for randomisation; (6) clinical sealed off perforated ulcers. 
: 
Computer generated blocked random numbers were used to assign the type of 
surgery, which was written on a card sealed in a completely opaque envelope. Envelopes 
were drawn randomly by the senior duty nurse in the operating department when an 
operating theatre was booked after the clinical decision to operate had been made. 
Surgery was done under general anaesthesia with muscle relaxation. All patients 
received 750 mg cefuroxime and 500 mg metronidazole at the time of induction of 
I , v j ‘ ^ 
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Hpiaesthesia. Premedication was prescribed at the discretion of the duty anaesthetist, 
^^urgery was carried out as soon as possible after the clinical decision to operate. After hour 
Wsurgery was not a contraindication to randomisation and was accepted in the study. 
All surgery was done by member of the surgical team on duty the day the patient 
Kyas admitted. Those who carried out laparoscopic suture or sutureless repair of perforated 
Ipeptic ulcer had previous experience with this operation, as well as laparoscopic 
icholecystectomy, laparoscopic appendicectomy, and all had attended a training course 
lincluding surgery in animals and simulators. Surgeons with limited experience of the 
•operation were assisted by a more experienced colleague. Open surgery was done by 
Isui^ eons with previous experience of the operation or under supervision bya. more senior 
(colleague if such experience was limited. Thus, for both laparoscopic and open surgery, 
I normal training practices continued throughout the study. 
Operating Techniques 
I Group 1 - Laparoscopic Suture Repair 
The technique has already been reported1 and has adequately been described in the 
I previous section of this thesis (pages 93 to 94). 
I Group 2 Laparoscopic Sutureless Repair 
The technique of laparoscopic repair with gelatin sponge plug and fibrin glue has 
been reported2 and has adequately been described in the previous section of this thesis 
(pages 113 to 114). 
^’ .•…. 'I Jt , 'h. .
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I roup 3 - Open Suture Repair 
The technique is well described in standard textbook3’4 17 and we followed the way 
Khat it was carried out in our previous study (page 120). 
. . 
. 
Jfcroup 4 - Open Sutureless Repair 
Through an upper mid-line incision, the repair was done with gelatin sponge plug 
Hand fibrin glue as in groups. This was followed by peritoneal toilet. 
Operating time was the time from induction of anaesthesia to the administration of 
|a reversal agent. Anaesthesia was induced in the operating room with the patient on the 
I operating table, in keeping with our normal practice. Each surgeon was free to convert a 
I laparoscopic procedure to an open one or to proceed to a definitive ulcer surgery if 
• considered necessary, 
I Post-Operative Management 
Post-operative management consisted of histaminez receptor antagonists, 
is 
I nasogastric aspiration and intravenous fluid. Standard analgesic was prescribed to all 
I patients (1 mg/Kg pethidine intramuscularly .every 4 h on demand). Antibiotics were 
I continued every 8 h in the first day and then stopped9. All patients received a water soluble 
I contrast meal within 48 h of the repair of the perforation. Every patient was visited at the 
• • • 
B,. same time each day by one of two assessors to record progress. The number of doses of 
pethidine given during the previous 24 h was recorded. A visual analogue scale <10 cm 
' horizontal line without graduations) was completed by the patient to indicate the general 
. 
level of pain during the first 24 h of the operation. Reintroduction of diet was defined as 
m 
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ability to tolerate an oral intake of at least 100 ml/h (fluid diet) or normal hospital 
Kneals (solid diet). The length of hospital stay was the number of days after surgery (day 0) 
lSpent in the general surgical ward. Any patients transferred to a convalescence hospital for 
JBS0Cial reasons rather than going directly home was considered to have been discharged. 
, ‘ ^  <? ii} ^  ^  i- j^jf1' v i ‘ ' ^  
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Patients in the four groups were given similar verbal instructions to return to 
B normal activity and to work as soon as they felt fit enough to do so. All patients were 
I assessed by the treatment team around 4 weeks post-operativeiy in the outpatient clinic. A 
standard questionnaire was completed by the doctor during the consultation to assess 
H return to normal activity, return to work and complications. Return to activity is defined as 
• return to normal daily activity without any assistance. Occupation was classified into four 
I categories : sedentary, light manual (which included housework for housewives), heavy 
H manual and retirement. For patients who had retired the assessment by the patient of [his/her ability to return to work if he/she was working was taken as return to work. The 
• 
wound was examined for signs of infection. A wound complication was recorded if the 
patient reported a history of, or had signs of, redness around any wound or a discharge. A 
routine gastroscopy was scheduled for all patients 6 to 8 weeks after operation. Patients 
_ who failed to attend the follow-up clinics or the gastroscopy sessions were contacted by a 
research nurse to come back for the gastroscopy. 
MBBmJ 
This study was approved by our Departmental Research Review Committee and all 
study subjects gave written informed consent. 
t ^ • ‘ 
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Our previous non-randomised study has shown that laparoscopic repair of 
( perforated peptic ulcer required significantly less analgesic than open repair (a median of 2 
• versus 4 doses, p = 0.048 by Mann-Whitney U test)11. As advised by our statistician that 
I there is no well established method to estimate sample size for non-parametric data, we 
I decided to analyse the results after the inclusion of a sample size similar to the previous 
I study. 
. 1 , ' : . 
” 
I Statistical Analysis 
‘ 
ml 
The Mann-Whitney U test was used on the analysis of the main end-point variables 
[(analgesic doses, days off drip, days off nasogastric tube, days resume diet and hospital 
r stay). Student's t test was used to compare operating time, size of perforation of ulcers and 
[visual analogue scale score. A p-value of < 0.05 was taken as significant. 
Results 
. 
One hundred and two patients were randomly allocated to the 4 groups of surgical 
treatment. During the study period, 31 patients who had perforated peptic ulcer were 
excluded before randomisation from this study. The reasons for exclusion were chronic or 
‘ 
complicated ulcers requiring definitive ulcer surgery (13), inability to make a correct 
preoperative diagnosis (10), refusal by patients to give consent for randomisation (4) and 
very poor premorbid state making a longer laparoscopic surgery hazardous (4). Nine 1 patients were excluded after randomization. The reasons for the post-randomization ,: . ^ 
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I exclusion were because of sealed off perforated peptic ulcers in 4 patients who did not 
I require further repair and because of the following wrong diagnoses : perforated 
•carcinoma of colon acute pancreatitis (1) intussusception caused by an ileal polyp (1) 
land ruptured hepatocellular carcinoma (1). The demographic data of the 93 evaluable 
I patients are shown in table 5.2.1. 
B 
I Table 5.2.1 Demographic data of Patients 
r
 • ~ " Group 1 Group 2 Group 3 Group 4 
Laparoscopic Laparoscopic Open Suture Open 
.’ Suture Sutureless Sutureless 
I No. of patients randomised 26 26 25 26 
I Post-randomisation exclusion 2 2
 : •• • . . 
! No. of evaluable patients 24 24 21 24 
I SexM/F 20/4 22/2 17/4 20/4 
I Age (mean s.d.) yrs 52.3 13.8 47.8 17.5 51.1 19.7 44.9 18.8 
I Risk Factors 
APACHE II range (median)§ 0 - 12 (6) 2 - 15 (6) S - 17 (5) 3 - 12 (6) 
Shock on admission* (n) 2 1 3 
Delayed presentation* (n) 2 0 0 1 
Underlying medical illness* (n) 3 3 2 1 
Site of ulcer 
Duodenum 20 19 16 21 
Juxtapyloric 3 4 2 2 
- -t Q J 
Stomacht 1 ^ 
Size of perforation of ulcer (mm)
 : 
range (median) 1 - 20 (6> 2-15(5) 2 - 25 2-20(5) 
§ See reference 6 
I * See reference 8 
t All underwent gastrectomy, in laparoscopic groups, conversion and gastrectomy. 
^^  , 
Six of 24 patients randomised to laparoscopic suture repair had conversion to open 
I surgery because of large ulcers (N=4), or technical problems of laparoscopic repair (N=2), 
while 3 patients randomised to laparoscopic sutureless repair had conversion because of 
• large ulcers (N=2) or haemodynamically instability at the start of the procedure (N=l). 
L_ 
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Kmer^ ency definitive ulcer surgery was carried out in 7 patients, all with formal 
laparotomy. Partial gastrectomy for gastric ulcers was carried out in one patient each 
Kandomised to laparoscopic suture, laparoscopic sutureless and open sutureless groups; and 
in open suture group. Repair and highly selective vagotomy were carried out for a 
fchronic duodenal ulcer in one patient randomised to the open sutureless group (table 
H| ! 
15.2.2). 
: . • 
• Table 5.2.2 Patients who required conversion from laparoscopic to open surgery and patients who 
required definitive ulcer surgery 
” • ' ,..―“ ' Group 1 Groups Group 3 Group 4 
Laparoscopic Laparoscopic Open Suture Open 
Suture Sutureless Sutureless 
INo. of evaluable patients 24 24 21 24 
I No. of conversion to open surgery 7 4 ~ 
•Reasons for conversion 
large ulcer 4 1 
technical inability to repair 2 0 
unstable patient 0 1 -
gastric ulcer 1 1 “ 
I No. of patients receiving primary 
._ . ..
 1 * a 2 
I definitive ulcer operation 1
 r “ 
I Types of operation -
partial gastrectomy for gastric ulcer 1 . 1 3 
repair + highly selective vagotomy 
for duodenal ulcer 0 0 0 
The results of treatment are shown in kble 5.2.3. Laparoscopic repair of perforated 
I peptic ulcer (groups 1+2) took significantly longer operation time than open repair 
I (groups 3+4) (94.3 40.3 vs 53.7 42.6 min) (Student's t test, p < 0.001). Laparoscopic 
sutureless repair (group 2) took significantly less operation time than laparoscopic suture 
repair (group 1) (74.8 24.3 vs 112.9 44.1 min) (p < 0.001) but it took significantly 
longer operation time than open sutureless repair (Group 4) (74.8 24.3 vs 50.8 





•in) (p = 0.015). There is no significant difference in the operation time between 
laparoscopic sutureless repair (group 2) and open suture repair (group 3) (74.8 24.3 vs 
•6.9 47.6 min) (p > 0.05). Patients who had laparoscopic repair (groups 1+2) required 
pignificantly less doses of analgesic than those who had open surgery (groups 3+4) (median 
B| dose vs 3 doses) (Mann-Whitney U test, p = 0.03). The difference was also significant 
Jwhen patients who required conversion to open surgery were excluded for analysis (p = 
0.01). There was no significant difference between the laparoscopic and the open groups 
Bin the duration of nasogastric aspiration, intravenous drip, hospital stay, the time to resume 
• normal diet, as well as the visual analogue scale score.for pain in the first 24 h after 
• surgery. Gastroscopy at the end of 6 to 8 weeks after surgery for all patients showed that 
I the ulcers had healed. 
f Table 5.2.3 Results of Treatment of 4 Groups of Patients 
Group 1 Group 2 Group 3 Group 4 
Laparoscopic Laparoscopic Open Suture Open 
: .•' • Suture Sutureless Sutureless 
I No. of evaluable patients 24 24 21 24 
I Conversion of open surgery 7 5 
I Operation time (min)* 112.9 ±44.1 74.81243 56.9 ± 47.6 50.8 38.G 
mean s.d. 
ft Nasogastric tube* (days) 1:4 2 - 10 [ 1 3 1 - 17 (3) 
range (median) 
I Intravenous drip* (days) 2-8 2-11 2 - 17 2 - 19 
range (median) 
J Days to rcsume diet- 3-7 (4) 2-11 3 - 16 3 - 19 
range (median) 
I Analgesics (doses)* 0-12(1) 0-17 0 - 10 1-9 
range (median) 
B Hospital stay (days) 3-20 (5) 3-11(6) 3-19(5) 2-21(5) 
range (median) 
I VAStscorcf6rpaininfirat24h* 2 - 8 (4) 1-9 2-9(5) 2-9(5) 
I ran (median) 
• Including all cases of conversion to open surgery, excluding mortality. 
t VAS = Visual analogue scale (Score from 1 to 10 by patient). 
. 
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The morbidity and mortality of the patients are shown in table 5.2.4. There was no 
‘ 
Significant difference in morbidity, reoperation and mortality rates between patients who 
Kuiderwent laparoscopic repair (groups 1+2) and open repair (groups 3+4). Similarly, 
here was no significant difference between patients who had suture repair (groups 1+3) 
|and sutureless repair (groups 2+4). Three patients were re-operated. In two patients, 
(leakage was demonstrated on water soluble contrast meal. In the presence of abdominal 
•$igns, both underwent re-operation, repair and highly selective vagotomy. The third 
•patient was re -operated because histopathology revealed adenocarcinoma of stomach with 
I involved histological margins after a partial gastrectomy carried out for a perforated gastric 
I ulcer. Three patients died in this study. A 80-year-old female (group 2) who developed 
Ifest atrial fibrillation after operation died of heart failure one day after surgery. Post-
| mortem examination revealed intact repair perforation site, pulmonary congestion and 
I oedema. A 51-year old psychiatric male (group 2) became haemodynamically unstable 15 
I minutes into laparoscopic surgery. The deterioration was thought to be related to 
I septicaemia as a result of very late clinical presentation but not related to the C02 
f insufflation required for the laparoscopy. He had conversion to open surgery but died 14 
I hours after operation. Post-mortem revealed severe peritonitis, pulmonary congestion and 
f heart failure. A 72-year old man (group 3) had shock on admission. He died 17 days later 





•able 5.2.4 Morbidity and Mortality 
' , • ‘ ' "“ ‘ Group 1 Group 2 Group 3 Group 4 
Laparoscopic Laparoscopic Open Suture Open 
Suture Sutureless Sutureless 
—-
mo. of evaluable patient 24 24 21 24 
Radiological leaks* 9 1 1 0 
•Wound infection 1 0 0 1 
Intraperitoneal collectiont 2 0 
•Prolonged ileus l 2 
•Incisional hernia 0 0 1 0 
Bfulmonary infection 1 ; 1 
• Urinary tract infection 0 0 1 0 
• Cardiac arrhythmia 0 1 -
I * patients re-operated. 
II managed with ultrasound guided aspiration of collection. Culture revealed no growth in both patients, 
bt defined as post-operative ileus of more than 7 days. 
Table 5.2.5 shows the results of the first follow-up visit at around 4 weeks after 
I surgery. Similar proportions of patients with laparoscopic repair (groups 1+2) and open 
I repair (groups 3+4) were available at follow-up (73% vs 69%). Among these patients, the 
I sex and age distribution did not differ significantly between the laparoscopic (groups 1+2) 
I and the open (groups 3+4) groups. Similar proportions of patients attending the follow-up 
visits had returned to normal activity (80% for laparoscopic vs 77% for open repair) and 
had returned to work (57% for laparoscopic vs 52% for open repair). The data for patients 
f who did not attend this first follow-up visit but who were called back for a checkup 
gastroscopy were not included in this analysis as there was a delay of at least one month in 
the record of these data which made it unreliable. The subgroups of patients having 
different categories of occupation were too small for analysis. 
. / ' • . 
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_ ^ f 
able 5.2.5 Results at first follow-up visit 
"“ “ ~“ . Groups 1+2 Groups 3 + 4“ 
Laparoscopic Repair Open Repair 
(Suture or Sutureless) Suture or Sutureless 
•Number of evaluable patients 48 45 
inumber (%) of patients attending 35(73%) 31(69%) 
•Mean (CL) 
Time of follow-up consultation* 28(26 -38) 30 (24- 35) 
•No. (%) of patients 
returned to normal activity 28 (80%) 24 (77%) 
returned to work 20(57%) 16(52%) 
. \ .. • 
• * Days from operation to first follow-up. 
I Discussion 
This randomised study was undertaken within our normal hospital practice. We 
I sought to avoid a comparison of one or two experienced and enthusiastic laparoscopic 
I surgeons with the everyday results of open repair achieved by the on call surgeons, The 
I study started after we had sufficient experience of the laparoscopic procedures11 and 
I adequate numbers of trained staff, and does not represent our initial experience in 
laparoscopic suture or sutureless repair. Even with a randomised study like this one, bias 
I could still happen because the study cannot be conducted as double-blind. If a surgeon 
I believes that laparoscopic surgery is advantageous, his or her attitude to patients and their 
f management may still be influenced. In an attempt to cut down on the bias, post-operative 
management was decided by several different surgeons, excluding the surgeon who did the 
individual operation. However, the types of operation each patient had had was known. 
This randomised study showed that the requirement for post-operative analgesic 
doses was significantly less with laparoscopic than with open repair. However, the visual 
E. -
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bnalpgue scale score for pain in the first 24 hours of operation cannot confirm that there 
less post-operative pain with laparoscopic repair. There are three possible 
I explanations for these discrepancies. First, laparoscopic surgery was as painful as open 
•surgery and the low demand in the post-operative analgesic was due to the psychological 
•impact of minimally invasive surgery and the medical and nursing staffs positive attitudes 
•toward the procedure. This explanation is difficult to prove or disprove as it is difficult to 
|c a r r y out a double-blind study to eliminate these bias. Second, laparoscopic repair was 
I actually less painful than open repair but it was difficult for the patients to differentiate 
‘ . 
I between pain due to the peritonitis and post-operative pain within 24 hours of surgery. 
• Third, there was an actual difference in post-operative visual analogue scale pain score 
I between laparoscopic and open repair but the difference was too small to be detected by the 
I
 small number of patients studied (Type II statistical error). The actual difference in the 
I visual analogue scale pain score in this study was so small and the number of patients 
I required to show a possible significant difference is so enormous that we decided that it was 
I impossible to include the required number of patients into the study. No matter what the 
f explanation was the impact of laparoscopic repair in inducing less post-operative pain 
! • when compared with open surgery was shown in this study to be small. Although there 
was a trend towards a lower score on the visual analogue scale for pain in the first 24 
hours of surgery and there were slightly higher proportions of patients who returned to 
normal activity and to work at the time of the first follow-up visit in the laparoscopic repair 
group when compared with the open repair group, the difference was really marginal. 
The absence of significant differences between laparoscopic and open repair of 
perforated peptic ulcer in terms of duration of nasogastric aspiration, intravenous drip, 
hospital stay and time to resume diet were not surprising as we were dealing with patients 
. 
with peritonitis and gastrointestinal motility required almost the same amount of time to 
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JL^  how long to keep nasogastric tubes, intravenous drips and to allow the patients to 
Resume diet were arbitrary and were decided by the managing surgical team without really 
•trict criteria. 
The main disadvantage of laparoscopic repair of perforated peptic ulcer is the 
Significant longer operation time which meant higher costs especially when laparoscopic 
I equipment costs have also to be added. This study showed that the operation time of 
•laparoscopic repair could be cut down with laparoscopic sutureless repair using gelatin 
_ 
I sponge plug and fibrin gltie. This study also showed that the sutureless repair is as safe as 
• ‘ 
I the suture repair, with both techniques having the same operative morbidity and mortality 
I rates. 
In conclusion, laparoscopic repair of perforated peptic ulcer is a viable option. It 
I has the advantages of the minimally invasive surgery with small wounds, less trauma and 
good cosmesis. There is also a suggestion that it causes less post-operative pain. 
I Laparoscopic sutureless repair has the advantage over laparoscopic suture repair in being 
I technically much less demanding. The technique can be learned easily by those who have 
some experience with laparoscopic surgery. It is only with a simpler operation that 
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“I have come to the conclusion after many years of sometimes sad experience, 
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jPART VI CONCLUSIONS 
I “Science consists in growing facts so that general laws or conclusions may be drawn from 
I them." 
I 
\ Charles Darwin 
r v " . . 
Perforated peptic ulcer will remain a common surgical emergency irr Hong Kong for 
I the foreseeable future. 
Laparoscopic repair of perforated duodenal and juxtapyloric ulcers followed by 
[modern drug therapy is an alternative option to open repair or definitive anti-ulcer surgery 
I in the treatment of this condition. Laparoscopic repair has the advantages of the minimally 
['invasive surgery with small wounds, less trauma and good cosmesis. There is also a 
suggestion that it causes less post-operative pain than open surgery. However, this is done 
at the expense of longer operation time and higher cost when compared with open repair. 
Laparoscopic sutureless repair developed by us using gelatin sponge plug plus fibrin 
glue is safe to use. It has the advantages over laparoscopic suture repair in being 
I technically less demanding and takes less time to complete. It can be learned easily by those 
I who have some experience in laparoscopic surgery. 
,:':r • ... “ ... .. • :., .,. /•. . . \ ' — , . . . . . i. . t 
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kRT VII THE FUTURE OF 
, LAPAROSCOPIC REPAIR OF 
I PERFORATED PEPTIC ULCER 
I “Medicine, like all knowledge, has a present as well as a past and a future. 
The past is the indispensable soil out of which the present and the future must 
grow." 
I AlfredStille 
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•PART VII THE FUTURE OF LAPAROSCOPIC REPAIR 
W OF PERFORATED PEPTIC ULCER 
I <<The only limit to our realization of tomorrow will be our doubts of today. ” 
Franklin D. Roosevelt 
The future of laparoscopic repair of perforated peptic ulcer can.be difficult to 
I predict. 
The success with modern anti-ulcer drug therapy in healing peptic ulcers and the 
I decrease in ulcer recurrence after eradication of Helicobacter pylori make the option of 
I laparoscopic repair of perforated peptic ulcer followed by drug therapy a very attractive 
I one. 
”‘’ . . . 
- . 
For perforated duodenal ulcer the optimists predict that in the not too distant 
I future, a haemodynamically stable, otherwise healthy, patient with a relatively short 
j clinical history of perforation may well routinely receive laparoscopic closure of the 
perforation. For perforated chronic duodenal ulcer, laparoscopic repair may be done in 
1 combination with definitive anti-ulcer surgery1. Alternatively, perhaps, laparoscopic 
vagotomy ought to be performed if recurrence occurs following laparoscopic patch repair2. 
For perforated gastric ulcer, laparoscopic gastric resection is possible3. Even the pessimists 
have to agree that laparoscopic repair is a viable option. It can be used in selected patients 
for cosmesis or when diagnostic laparoscopy reveals perforated peptic ulcer. 
^^ ^
 1




With advances in technology the procedure may become so simple and straight-
Ifbrward that in the future, the choice of surgery will either be a laparoscopic simple repair 
Kor a laparoscopic repair plus definitive anti-ulcer surgery! 
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APPENDIX I BRIEF SUMMARY OF MY 
CONTRIBUTIONS TO THE 
MEDICAL TREATMENT OF 
UNCOMPLICATED PEPTIC 
ULCER 
^Formerly, when religion was strong and science weak, men mistook magic 
for medicine; now, when science is strong and religion weak men mistake 
medicine for magic. ” 
Thomas Szasy 
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Appendix I Brief Summary of My Contributions to the Medical 
Treatment of Uncomplicated Peptic Ulcer 
Study No. T| 
Title . Omeprazole and ranitidine in duodenal ulcer healing and subsequent 
relapse : a randomized double-blind study with weekly endoscopic 
assessment. 
Authors: Hui WM, Lam SK, Lau WY, Branicki F, Lok ASF, Ng MMT, Lai CL, 
Poon GF. 
journal J Gastroenterol Hepatol 1989; Suppl 2 : 35 - 43. 
Brief Conclusion: Omeprazole, 10 mg daily or 20 mg daily, heals duodenal ulcer 
significantly faster than ranitidine 150 mg twice daily. Ulcer healing 
by omeprazole is adversely affected by cigarette smoking in the 
population studied despite potent acid inhibition, and ulcers healed 
with omeprazole or ranitidine relapsed at similar rates. 
, , 1 
Study No. 2"! 
Title
 : Reducing meal - stimulated acid secretion versus reducing nocturnal 
acid secretion for healing of duodenal ulcer. 
Authors : Lam SK, Hui WM, Ng MMT, Lok ASF, Lai CL, Branicki F LauWY, 
Poon GP. 
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journal: DigDisSci 1989 34:1494-500. 
Brief Conclusion: A regimen that aims at controlling meal-stimulated acid secretion 
(cimetidine 400 mg three times a day with meals) achieves a faster 
healing rate than one that aims at controlling nocturnal secretion 
(cimetidine 1200 mg at bedtime) or a reference group (cimetidine 
200 mg three times a day with meals and 600 mg at bedtime) in the 
treatment of duodenal ulcer. 
Study No.TI 
xitle . Sucralfate overcomes adverse effect of cigarette smoking on duodenal 
ulcer healing and prolongs subsequent remission. 
Authors : Lam SK? Hui WM. Lau WY, Branicki F, Lai CL, Lok ASF, Ng MMT, Fok 
PJ,Poon GP.ChoiTK. 
Journal: Gastroenterology 1987; 92:1193-201. 
Brief Conclusion: Smoking adversely affects duodenal ulcer healing by cimetidine (63% 
healing for smokers) and hastens subsequent relapse (50% relapse at 
4 months for smokers). Sucralfate overcomes the adverse effect of 
smoking on healing as encountered with cimetidine (82% healing for 
smokers) and results in a subsequent longer remission period than 
cimetidine (50% relapse at 8 months for smokers). 
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Study No. 4l 
Efficacy of sucralfate in corpus, prepyloric, and duodenal ulcer-
associated gastric ulcers. A double-blind, placebo-controlled study. 
Authors : Lam SK, Lau WY, Lai CL, Lee NW, Poon GP, Hui WM, Lok ASF, Ng 
MMT,FokKH,YuHC. 
journal: Aiti j Med 1985; 79 (Suppl 2C): 24-30. 
Brief Conclusion: Sucralfate fine granules (900 mg one-half hour before breakfast, 
lunch and dinner, and at bedtime) heal corpus and prepyloric ulcers 
significantly better than placebo. Symptomatic response was also 
significantly better. Similar healing rates and symptomatic responses 
were observed for patients with duodenal ulcer-associated gastric 
ulcer but were not significantly better with sucralfate than with 
placebo. 
Study No. 5 | 
’ } 
Title Prostaglandin Ei (Misoprostol) overcomes the adverse effect of 
chronic cigarette smoking on duodenal ulcer healing.: 
Authors : Lam SK, LauWY, Choi TK, Lai CL, Lok ASF, Hui WM, Ng MMT, Choi 
SKY. 
journal: Dig Dis Sci 1986; 31 (Suppl): pp. 685-745. 
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Brief Conclusion: Misoprostol in 200 mg or 300 mg qid dosages were significantly 
more effective than placebo, achieving healing rates of 61% and 71%, 
respectively, at four weeks. Cigarette smoking significantly impaired 
healing by placebo but not by misoprostol. 
Study No. 6 
Title: Sucralfate versus cimetidine in duodenal ulcer - factors affecting 
healing and relapse. 
Authors : Lam SK, Hui WM, Lau WY, Branicki FJ Lai CL, Lok ASF, Ng MMT, 
Fok PJ, Poon GP, 
Journal: Scand J Gastroenterol 1987; (Suppl): 140-61. 
Brief Conclusion: The endoscopic healing rates at 4 weeks were 76.3% and 79.4% 
respectively for cimetidine and sucralfate, and cross-over treatment 
of the failures for a further 4 weeks resulted in 68.0% and 68.8% 
healing respectively. Sucralfate overcomes the adverse effect of 
smoking on healing and subsequent relapse, and results in ulcer 
healing that is followed by a remission period double that of 
cimetidine. 
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Study No. 7~] 
Title : Pathogenetic role of Campylobacter pyloridis in gastric ulcer. 
Authors : Hui WM, Lam SK, Chau FY, Ho J, Lau WY Foon KP, Lai CL Fok ASF, 
LuiIOL,NgMMT. 
journal: J Gastroenterol Hepatol 1987; 2: 309-16. 
Brief Conclusion: The occurrence of Campylobacter pyloridis in the gastric antrum was 
[ , not significantly different in gastric ulcer (67 patients) than in 
controls (28 non-ulcer control) but was significantly more frequent 
in gastritis than in non-gastritic mucosa. With gastric ulcer healing, 
the activity of antral gastritis improved significantly. Despite ulcer 
healing and improvement of gastritis, the frequency of occurrence 
and the density of C. pyloridis remained unchanged. It seems that C. 
pyloridis occurs frequently in gastritic mucosa, and does not affect 
the healing of gastric ulcer or improvement of gastritis. 
, ... - p 
Study No78l 
Title: Chronic antral gastritis in duodenal ulcer. Natural history and 
treatment with prostaglandin Ei. 
Authors: Hui WM, Lam SK, Ho J, Ng MMT, Lui I, Lai CL, Lok ASF, LauWY. 
Poon GP, Choi S Choi TK. 
Journal: Gastroenterology 1986; 91: 1095-101. 
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Brief Conclusion: Chronic antral gastritis occurs in 99% of patients with duodenal ulcer 
before treatment. It improves as the ulcer heals. In the placebo 
group healed duodenal ulcer was associated with significantly higher 
II - , improvement of the activity of the antral gastritis than unhealed ulcer 
(30% vs 4% at week 8). Irrespective of whether duodenal ulcer was 
healed or unhealed, significantly more patients on Misoprostol (50% 
at week 8) showed improvement in the activity of the antral gastritis 
than the placebo group. 
t 
Study No.^ 1 
Title. Effect of sucralfate and cimetidine on duodenal ulcer-associated 
antral gastritis and Campylobacter pylori. 
Authors : Hui WM Lam SK, Ho J, Ng I Lau WY, Branicki LJ, Lai CL Lok ASF, 
Ng MMT, FokJ, Poon GF, Choi Tk. 
journal Am J Med 1989; 86 (Stippl 6A): 60-5. 
Brief Conclusion : Improvement of the activity of chronic gastritis ocqurred significantly 
more frequently in the sucralfate (33.3%) than in the cimetidine 
group (18.3%), and remained so when only patients with healed 
ulcers were compared. The density of C. pylori decreased 
significantly in the sucralfate group after treatment but not in the 
cimetidine group. The 12-month ulcer relapse rate were 
significantly lower in patients healed with sucralfate than in those 
healed with cimetidine and were unaffected by either the density of 
— — — 
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C. pylori in either group or the improvement of the gastritis. It is 
concluded that Sucralfate improves duodenal ulcer-associated antral 
gastritis and decreases the density of C. pylori. 
l|StudyNo,Ton 
TWe . Effect of Omeprazole on duodenal ulcer-associated antral gastritis 
and Helicobacter pylori. 
Authors : Hui WM, Lam SK, HoJ, Lai CL, ASF, Ng MMT, Lau^, Branicki 
I::: FJ-
journal: Dig Dis Sci 1991 36: 577-82. 
I Brief Conclusion: The percentages of pateints showing an improvement in the acitivity 
of gastritis in the four consecutive weeks of treatment were 9%, 40% 
51% and 53% for omeprazole 10 mg (n = 78); 14% 42% 49% and 
53% for omeprazole, 20 mg (n = 81); and 2%, 23% 30% and 33% 
for ranitidine, 150 mg twice a day (n = 82) (life table analysis gave p 
< o.Ol for both omeprazole regimens compared with ranitidine). 
The degree of chronic inflammation showed similar changes. The 
density of H. pylori decreased significantly after treatment with 
omeprazole 10 mg or 20 mg but not with ranitidine. In conclusion, 
effective acid reduction with omeprazole improves antral gastritis 
and is accompanied by a reduction in antral bacterial density, 
suggesting that both acid and H. pylori may be involved in the 
pathogenesis of antral gastritis. 
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